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rules 

to help conserve fuel 
in schools 



1 
2 

3 
4 
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Lower thermostat settings to 
"sweater comfort" heating. 

s 

Avoid blocking heating verfts or air 
return grills with furniture or drapes. 

-Control room temperatures with ' 
thermostats, not by opening 
windows. 



Use limited number of outside doors- 
keep cjoors closed when not in use. 

Reduce fresh air ventitation 
to the minimum required by 
state and local codes. 



Turn Off unused lights and 
.electrical equipment 

Establish a program of preventive 
maintenance for heating, water 
'heating and food service equipment, 
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Baton Rouge, La. 
70804. 



Dear Educators: ^ . ' 

TV 

Conservation \s) presently the^only real alternative we have to the energy 
problems that confroht us. No longer can we rely on the efforts of business, 
industry, and, government to solve this complex problem. An effort by all 
sections "of society is necessary in or.der to maintain oCir present standards 
of 1 i ving. ^ • 

Educators have the unique opportunity to help instill conservation awareness 
in our society, since they are* involved with the education of our youag people. 
Given the proper guidance and instruction, these students will mature to. 
become energy conscious decision-makers of tomorrow. 

The information and activities contained in this guide Will better equip 
children to include conservation as a part of their daily lives. This can 
happen if we make energy conservation an integral part of the total curriculum". J 

This guide is designed as a resource reference so that each school can design 
its own conservation awareness program. The personnel from the State Department 
of Education will be happy to assist you with your program in any way they can. 
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» 

Dfear Teachers? 

The -rtesponsibili ties of today's teachers have gone beyohd giving our children 
b^tsic knowledge in the traditional curriculum studies. You are now faced, 
with preparing our future citizens with information that will affect the • 
quality of life in America .-for generations, to come. 

- \* 

Perhaps the most t important areas in education—for "both students and the' 
'general public—are energy prediction', energy use. and ^energy conservation. 
It was with the idea^of providing our teachers with the information 
available that this curriculujn guide has* be?n developed. • • 

I sirrcerely hope that you and your students will benefit from "this guide, ' 
-and that it will give our country's future adults the'knowledge they will need 
to keep the standards of living our country has enjoyed. 
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Secretary . •" . ^ 
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HOW TO USE THIS GUIDE > w 

The activities and "information in this curriculum quide can 
be organize^ into an intensive unit or can be used individually in 
'ongoing discussion' and exploration. These materials are meant to 
span grades 9-12 , allowing the individual teacher to select those 
activities that best suit the subject area and specific needs of * 
the students. Sections wittiin the N guide provide backgroun^ material 
for the teacher fpllowed by student activities iri various curricula: 

art, language arts', social studies, music, mathematics, and various 

* * • > * 

science courses. Activities may be adapted for/ use in diversified 

areas. They are intended to be a starting point of investigation 

for both teacHer and student into the very pressing issue of energy 

* i > 

and all of its implications. The bibliography, and resource material 
section provide additional sources for teachers to investigate this 
complex subject. 

This energy publication has been developed to increase aware- 
ness and understanding > of the energy situation and to ericourage 
each individual to become anT energy conservatipnigt . -The material 
b^s been designed with' an 'interdisciplinary , non-sequential ap- 
proach and an attempt has been made,^ provide a flexible document 
which may be altered to fit local needs, 4 - 
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RATIONALE , 

v * ' .Of all the^ environmental problems we 8 face, the energy 

problem—how to provide; enough energy to keep- America running , 

without further polluting it — is perhaps the greatest. The n<3ed 
°' / 

for conserving energy will affect each of us in how we live, 

\ * y % • 

/ work,. travel, and play. ' • / 

To educators the ener.gy crisis is an opportunity* for further 
• service to society. It reflects a set of problems that Remand 
changes in attitudes— values, lifestyles, and 'methods ofi building 
construction that will require many years to <*hieve. lf"€nergy 
conservation is properly taught, it c.an bring to the forefront the/" 
^moral and 'ethical values that have 'taken second place in s<^mar>Y 
# of our lives. Unless the students today learn 'problem-solving 
strategies in their f ormative%ears , the future is bleak. 

Louisiana is one of the most dynamic, fastest-growing states 
in the nation. It contains some of the richest deposits of oil 
and natural gas in the country. It is our desire that* our state ' 
continue to be a leader in the* energy field by implementing a suc- 
^cessfu^ energy conservatiw progrcCm. 

The energy crisis can be the'most effective teaching did 
of the decade. It can serve as a motivating device by addressing" 

issued most .fundamental to- students such as where they live, how 
*• 

they get to school, where they will work after they graduate'.' 
A- 

\ Therefore, it is to this end that. this guide has been 

• • developear .to provide teachers and students with the means to 
learn about energy and havrto conserve it. « 
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ENERGY IN LOUISIANA 




.Louisiana has always^effjoyed an enviable position among her 
sistef st'ates in the pj^duction of energy/ And, in 198Q, that 
place of esteem remains intact? the state ranks first in the 
nation in the prpd^yetion of natural* gas ahd second in oil pro- 
eduction. 

Louisiana is 'not only the hirthplace of of f shore ..drilling , 
but also dominates that' scene. Except for;* gas used by the city 
of New Orleans, all of the oil atfd gas ' produced off the shores 
'of Louisiana is shipped 'ou^ of state; and 50 percent of oil and 
gas produced within the' stat^ is shipped also. The remaining 
products are processed by petroleum refining complexes in the 
states , the third largest refining district in the country. There 
are thirty refineries in Louisiana capable of processing 2.5 
million barrels of oil a day. One of these complexes is the 
second /largest in the United . States apd is the most diversified • 
refinery in the world> ,fcr it ca'iv produce a wide variety, of 
petrochemical products.^ Even though the production of oil peaked 
in 1971 and hak^een* slowly declining, the discovery in the 
Tuscaloosa Sands, mainly in' East Baton Rouge,. We^t Baton Rouge, 
and Pointe Coupee parishes, Has boosted the production in' Louisiana 
This find is projected to be the largest oil and natural gas dis- 
discovery in this country. • . 

* I ' ° 

Lpuisiana's nation-leading gas production is estimated to 
be 7«2 trillion cubic. feet of natural gas per, year. ^ It is 
further estimated that the state has the potential for 45 trillion 
cubic feet of natural gas%reserves . 

Lpuisiana's r61e in oil conservation is as important as it 
is in production. For instance, five of the six sites selected • 
for the Strategic Petroleum Reserve 'are located in Louisiana. 
The specific siteS, the amounts stored as of February . 1980, and 
the capacities of these state-based storage areas are indicated 
below. . . . . ' 



Amount Stored Capacity 
SITE (million .barrels) (million barrels) 



1. Bayou Choctaw , 28-7 36.0 
(Iberville Parish) ' • * 

2. Sulphur Mines , 0^ ^ -22.0 
(Calcasieu Parish) * - 

3 % West Hackberry 30/7 » % 50.6 

(Cameron Parish) 

4, Weeks Island v N/A . 75.0 
-(Iberia Parish) 

5. St* James Terminal N/A - # N/A 
(St, James Parish) 
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The target of 750 million barrels of oil reserves is scheduled 
' £or full implementation by 1985. This^ implementation^wiil involve 
not only the previously stated sites, but also sLtes under con^ 
struction*ait Cote Blanche and Napoleonville , each with -30 .million 
barrel capacities. * ' .* 

v . 

These Strategic Petroleum Reserve projects ensure America a 
valuable energy supply in the 'event of a future crisis in oil pro- 
duction artd/or attainment. * ' 

) **~ * 

In an effort to take a po^fe to the large supertankers 
delivering crude oil from abroad, the Louisiana Offshore Oil Port, 
known as LOOP, will begin operation by mid-year/, 1981. This, 
the nation 1 s first deepwater port capable of directly unloading 
crude oil from supertankers, is expected to reduce greatly crude oil ^ 
transportation costs because of the remarkable 'economies of scale 
engineered into these* large vessels. Cowing from Saudi Arabia, 
Niger ia* Kuwait, Egypt, Qatar, Abu Dhabi Algeria , Oman, /Libya 
and the North Sea, oil for the LOOP Deepwater Port is expected to 
come from approximately 330 ships to the facility in its first year 
of full operation. • * 

The entire LOOP system will include 19 miles of offshore 
pipelines and 28 miles of pipeline through the marshland between 
the -shoreline and the Clovelly Salt Dome, where crude oil will be 
temporarily stored. ' 

The first stage' facilities have a design capacity of 1.4 
million barrels of throughput per day. (There' are 42 gallons to > 
a barrel.) Approximately orre-half will be piped to refineries 
in the Midwest. • 

4 

LOOP is a corporation owned by a group 6f oil companies: 
Ashland Oil, Inc.; Marathon Pipe Line Company; Murphy Oil Corpojjration-r 
Shell Oil Company; and Texaco,- Inc. 

Unlike* salt cavity, oil storage in other parts of the world 
and in this country,. the Clovel-ly Salt Dome Storage Terminal will 
^ be used for "working" storage. Oil from the various ^cavities will 
be pumped in % and out on almost a daily basis, just as is done with 
a traditional above-ground tank farm at a refinery. 

Typically, oil leaving the Clovelly Salt Dome will head north- 
west through the 48-inch diameter LOCAP pipeline, which will con- 
nect the dome storage cavities with the St. James terminus of 
CAPLINE, a crude oil ^pipeline serving the Midwest. From there the 
oil will either be piped to refineries dn Louisiana or sent up 
the CAPLINE system. [Because of CAPLINE and adjacent crude oil pipe- 
lines, when in operation the LOOP deepwater Port will be connected 
with over £ 5 percent .of the nation's refinery capacity. 

The Lbuisiana Department of Wildlife and Fisheries is engaged 
in an ongoing environmental monitoring program of all LOOP* activities . 
It will measure the environmental effect of the operations and any 
- oil spills if they occur. 

* * 

r ■ 
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\ , In August 1977, LOOP became the first organization to accept 
federal license requirements for building a deepwater port. Al- 
though ^other possible deepwater ports are plannedf for th<§ United 
St^£es, the LOOP project' is th'e only one under construction.. Total 
cost of the completed project is expected to exceed $600 million. 

In addition to, these clearly marked places of distinction, 
Louisiarta is also a leader in the pioneering and developing of 
solar energy. For instance, there are hot water heading systems 
located on the campuses of Louisiana State University in Baton 
Rouge and Loyola .University in New Orleans. Moreover, there are 
extensive solar energy projects at Fort Polk/ including a solar- 
heateS and cooled apartment complex! and a dining facility and 
hospital which employ a safer- 'heating system as do several indi- 
vidual homes across southern Louisiana. 

Although Louisiana has no potential for the development of 
energy powered by the wind, a coal-fired electric generating plant 
in St. Jamfes Parish is scheduled for operation by Louisiana Power 
and; Light by 1988*. The coal for this facility will be floated 
down the Mississippi River from St. Louis, Missouri. Furthermore, 
lignite coal deposits discovered in DeSoto Parish make possible 
another avenue of coal-prbduced energy for the state. m 

With a commercial operation date of March 1983, Louisiana 
-R$wer and Light 4 expects- the nuclear power plant under construction 
at -Taft to aid greatly the struggle for America to regain its energy 
independence. Called Waterford Unit 3, the facility at Taft is 
projected for fuel, loading by October 19-82. Similarly, Gulf States 
Utilities has scheduled April of 1984 as the proj ected* date of com- 
mercial pperation for its nuclear station, River Bend, located in 
Wes% Feliciana Parish?^ These two giant energy-generating facilities 
will enable Louisiana. to join other states as a leader in nuclear 
power. 

With some service stations in Louisiana already . pumping gasohol 

as a viable alternative to the gasoline shortage, the Great Western 

Sugar Company of Reserve has announced plans to build a $350 million 

plant for* production of alcohol to be blended into gasohol by 

Louisiana refineries. Using yellow corn as its basic raw material, 

this plant will > allow Louisiana to compete with*Midwestern states 

in the production of gasohol. 
j 

it 

Finally, various other methods of energy production are in 
both operating and experimental stages in the state. Some companies 
in ^Louisiana are obtaining energy by recycling steam or hot water ' 
created in one section af the plant whose processing is done and 
using it to produce heat for the plant or for fuel. , 

In conclusion, due to its rich supply of natural resources and 
the' intense desire of its citizenry to excel, Louisiana continues • 
to occupy an esteemed position in the^ areas of energy production 
and conservation. 
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ENERGY BACKGROUND'. * - \ 

From earliest history , human beings have sought to minimize 
their labor through the use of tools . Early hunters used tools 
to kill animals, and thereby 'stretched their own biological 
energy, derived from sunlight in the form of food, to get more 
energy from the bison^and mammoth; 

The most vital discovery during the stone age was how to, 
make fire. . ■ , 

During the lati-r -Neolithic period, humans used stone tools 

for agriculture and were able to produce renewable crops. The 

first stable communities began to develop, and various forms of 

housing were built. These primitive -dwellings were designed to 

* meet the climatic needs of the area in which they were locate 

Thus communities could flourish, since t^e population did not havfe 

r 

to migrate with the seasons to escape unfavorable weather con- 
ditions . ' - 
Further technological progress brought the ability -to mine 
. met'als and use fire to forge^them into tools and weapons. First 
came copper, then bronze, which is a mixture of copper and tin. 
Following the Copper and Bronze Ages came the Iron Age, which may 
have begun in Africa or the Orient about 2400 years ago. 

Before the time, of the Greek and Roman civilization, the mm 
,only, significant energy sources were natural ones. The power of 
falling water was used in basic industry, agriculture and grinding 
grain. The 'power of the wind* was used for ships, and fire from 

the burning* of wood was the major energy source ^f or industry. 

* t 

Much of the mininq and mechanization in early cultures~-and 

v * 
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certainly in Greece and Rome— was for the purpose of improving 
weapons for war. ' ' 

The major spurce of energy in both Greece and Rome was 
the energy of human bodies-^-particularly slaves. From the Greek 
and Roman era to the beginning of the Industrial Revolution, 
sophisticated tools were developed, but they were powered by 
humans or animals. Yet the idea of a heat engine— a device that 
would use heat to do work—had been envisioned as' early as 75 A.D 
by the Greek inventor Hero.' He made a toy which would spin as 
steam was expelled through vents. 

Toolmaking and architecture were the primary developments 
between the fall of the Roman Empire and the last few years of 
the 17th century. ' Many significant inventions were developed 
during this time. This was the^ime of Leonardo da Vinci, but 

the application of his mechanical discoveries was limited by the 

> 

absence of energy sources. Technical advances during this time 

included the printing press. and the mechanical clock. 

; • These years in European history were an era of great in- 

* 

tellectual and scientific advancement. This was the dawn of 
Galileo's physics , N Kepler ' s astronomy, and the mathematics and .. 
philosophy of Spinoza, Descartes and Newton. -Some of the qreat 
laws. of nature were conceived. The spirit of the era was dis- 
covery—of the world and 'of applied science. 

But to bring- about the era of modern technology , „an engine 
was. necessary that could use an energy source and produce useful 
wprk. The water mills and windmills were limited "to specific 
sites, and there was no way knoWn to transport their energy to 
where it was needed. By the end of the 17th century this 'engine 



appeared, * In 1698, Englishman Thomas Savery obtained a patent 
for a machine which used fire to bpil water, generating steam 
in a boiler for use in draining water from mines. His 'steam 

engine, pump was soon improved upon and these engines made pos- 

• . * 

sible the deep mining of coal, which had previously ' been hampered 

> 

because of the buildup of underground water in the mines. 

Englishman James Watt patented' a vastly improved engine in. 

17 82, and by this time the steam engine had become the forerunner 

of - mechanized civilization. They were used for pumping water 
♦ • 

and supplying power to textile mills, rolling mills, and flour 
^ills. A later breakthrough came with the development of engines"^ 
that could use high pressure s£eam, .making the engines much mtfre 
efficient. With Robert Fulton's successful operation of the steam- 
fc>oat Clermont on , the Hudson River in r&07, and Richard' Trevithick 1 s 
use of a steam locomotive to transport coal in Wales, the modern 
,era of mechanized transportation began. 

Little was actually understood about the theory of these 
engines until the rise of the science of • thermodynamics * When' 
these scientific principles came to be understood, bigger and 

"Si * 

bfetter eagines^ could be built.^ 

Up until the second half of the 19th century, the; United 
States' energy sources we.re primarily muscle power of ,humaris 

wind, wood, and falling water* Ninety . 
percent of the fue y i burned* in 1850* was wood* Coal accounted for 
1 only 10 percent, despite the presence of plenty of co^l and the 
technology to use it. The extensive cutting of forests in the 
east raised 'the price of wood and increased the distance that 
it had to be transported ,to the growing cities. *So the .demand 

£!& * .. 3 "so 



for coal sky-rocketed until in 1885 coal surpassed wood as the 
dominant fuel. In 18 85, coal was used to fuel the railroads, 
to make coke for, the steel industry, to power ^miscellaneous 
industries, and to provider residential fuel. Coal was to remain 
£he dominant fuel well into the 20th century. 

During the 1800s, pressure increased 'for better and cheaper 

lighting ^methods. The various oils burned to produce light were 

* * < 

expensive, explosive, or otherwise unsatisfactory, England had 

developed a cqaA gas pipeline network for i^ighting,, but the 

scattered population and undeveloped coal industry in the United 

States made such 'a network generally impractical. Finally, an 

Englishman, devised a method of producing oil' f rom j cOal , which he 

called coal oil or'kerosine. * By tl|e late 1850s, there were 

many kerosine plants in the Eastern U;S; n Then some people 

began to notice a resemblance between the keros'ine , aiTd the largely 

# * ' ' 

useless "rock oil* 1 that came out-of springs agd wells in western 

Pennsylvania.^ In 1857, a Yfele ctyemistry prof essoW hired by a 

group of Pennsylvania Entrepreneurs called the Pennsylvania 

i 

Rock Oil Company, gave his report on some of this oil. He con- 

eluded that some "very valuable products 0 might be c manufactured 

\* * 

from it. Drilling, rather than digging, turried .c^t.to'be *the v best 
way of getting to the o;Ll, 'and so in September 18^9, in Titusville 

Pennsylvania, oil .was str < nck v at; a -depth of 69 feet. This was not 

» * i « « 

the first oil well' in histdry—the potential , valtue of oil had 

\ 

been, recognized centuries before. But it was only in the "Western 
industrial world of the time that science, technology , and society 
all came together at a paint "necessary for oil to be exploited 



as the ^concentrated fue^that would eventually replace coal, 

The crude oil was made mostly into kerosine. Some of the 
other products were lubricants, necessary for increasing mechani- 
zatian, and 'fuel oil, whose use grew^\ it^began to replace coal 
'for firing boilers for steam generation. 

The use of steam for railroads and ships was a great step 

6 

for transportation, but coal was too bulky and inefficient for - s 
use in any smaller scale vehicles. What was needed was a smaller 
^engine. In 1870, inventors began testing an engine using gasoline 
•in a compressed air-gas mixture. Up until this time; gasoline 
had been a generally useless by-product ,of kerosine refining. ^ 
1^*1887, a gasoline-fueled engine was adapted to vehicles and 
the first Benz automobile was patented. This engine was the fore- 
runner of all internal c6mbus.^ion engines" in operation, today . By 
1900, many automobiles had been bui,lt in the United States, most 



ojE them steam-driven or electrically powered. But the increasing 
availability of both fuel and lubricants for gasoline-rpc^ered^ 
automobiles speeded their development. They were light, • ma- 
neuverable, fast, and competitive in cost. *ln,1900, the Oldsmobile 
switched, from. steam to gasoline/ and three years later, Henry Ford- 
introduced hjrs gasoline-powered automobile. His mass-production 

y 

/techniques revolutionized industry • 

A milestone in energy history occurred jwi 1879 with 
Thomas A. Edison's electric lights ^Edison himse-lf, however, - 
saw'his own greatest achievement Hot 'as the light itsdfcf, but as 
the wbrld. 1 s first electrical power-generating and distribution 
system. In 1882, he supervised , the* building of this system to 



light 1*200 a lamps ^in a one-half square mile area in New York City. 
Edison's generating station consisted of four boilers which pro- 
duced steam to power six generators. 

Electricity made it possible to deliver Inergy to distant 
sites -cheaply and cleanly. It essentially put the steam engine 
• at the disposal of every home, business, and industry in America 
and' much of the Western world • * 

Shortly after Edison's station began to generate electricity, 
water wheels began generating the nation's first hydroelectric 
power in Appleton, Wisconsin, 

As electricity became more widely available, the rubber of 
electrical cifevices grew dramatically. Work that was previously 
done by muscle power could now be done by the new "labor-saving* 
devices," and"mechanization of the home was underway. ■" 

T)ie latter half of the 19th century also saw a series of 
inventions which led to farm mechanization.. These inventions 
included the reaper, the harvester, and the twj.ne binder. Such 
•inventions were necessary to develop the agricultural base to 
support the high-energy society that was rapidly evolving. 

Energy use in the United States grew dramatically in the 

* ' f 

first decades of the 20th century. The number of automobiles 

increased at a remarkable pace — from 8,000 irNl900, to 194,000 * 

in 1908, to more than 8 million in 1920. Elecirical power gene-' 

:' * . > 

ration increased at an amazing pace— by 1917 ^electric consumption 

was more ( than seven times what it had been in 1900. Factories § 

had found electric power especially suited to the concept of the 

assembly line, and the number of electric motors soared. Electrici 

*> ■ 
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thus made practical the mass production of appliances, which 

were themselves electrically powered,, , 

Total energy use in' the Unitec| States grew much more slowly 

afte^' World War I, and the .shift' toward oil continued. Oil over-' 

took, coal as* the dominant fuel just after World War II, and has 

continued to claim an increasing v share of the market. This fehif^ 

to oil was brought about by 'the growing use of the automobile,. 4 ^ 
» * * ■* 

and the switch f*Om coal to fuel oil for residential heating and ■ 

powering trains. Gasoline's share of the petroleum market increased 

very guickly. Two -otheiLjases of fuel also increased sharply dur- 

^ 

■* ' . i < 

ing the\years from the 30's to the 50 s --Nation and farm equip- 

ment. TheNnajo^r petroleum proddct being/ produced was thus changing 

from ^kerosine\p fuel oil tb gasoline to accommodate the changing 

patterns in consumption. <Therewas also a large increase kthe 

use of asphalt, another petroleum product, to pave roads. 

Geographic areas <yf oil production were" also changing from 

Pennsylvania and, neighboring Ohio* atfd West Virginia, to California 

.and Oklahoma, and then to T£xas and Louisiana * - " , 

* \ 

Natural gas, which is oft^n found in conjunction with oil, 
was mostly wasted until the^late 1920s when it became techno- — 
logically feasible to, lay ^ the pipeline to transport it. Natural 
gas was clean-burning, convenient, and cheap, and it thus became 
the nation's primary household fuel by 1960. Gas also found use 
in industry, and for electrical power generation. 

After WorldStar I, as the number of electrical appliances 
multiplied, growth in electrical consumption accelerated, although^ 
overall energy growth was slower. From the beginning of World 
War I, total electrig j^owe^ demand has been' doubling every 10- years. 



In the 1920s and 1930s, coal wa,s the fuel for about two-thi.rds 
of *the electric power generated', with * hydroelectric power providing 
the rest. The shift to oil and natural gas had*changed this ■ 
ratio significantly; *by 1970, coal had dropped to about' "* 
- 45 percent; hydroelectric power provided 17 percent; natural gas 
accounted for almost 25 -percent; oil, about 12 percent; and a 
newcomer to the fuel scene, nuclear power, provided ah^ut 1 per- 
cent . 

At the beginning of the 20th century, scientists «<e>e investi- 
gating the rays, given. off by radium. In 1905, Albert Einstein 

demonstrated mathematically the relationship between mass and 

' v 
energy, although it was decades before this theory could, be 

0 . 

proved. ^On December 2, 1942, a group of scientists headed by Dr. 
Enrico Fermi gathered under a squash court at the University of 
Chicago, where the- first controlled nuclear reaction occurred. 
Scientists have since been working to safely harness that tremendous 
nuclear energy £or the generation of electricity. The nation's- 
first prototype nuclear power plant was built at Shippingport , 
Pennsylvania , jtn 1957. } 

In the 'yearKsince World War IX, energy consuming technology* 
has appeared everywhere . During this period, a huge fleet of 
passenger airplanes has developed; there has been an automobile 
"population explosion." Air-conditioning, central heating, 
television, clothes washers and dryers are generally thought of ^ 
as necessities, not luxuries. A mechanized agricultural industry 
uses tremendous amounts of energy. ' The various engines that per- 
*form America's work produced 7.5 times the number of horsepower in 
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1971 as they did in 1940, while fche-mimber of people in, the 



country increased by only^ 54 percent / Ev^nMvit'h 'the slowing pop- 
ulation growth, more and more ~efiergy is^being used. 

Our country now has a fossil fuef^ecbnomy . We use these 



aw 



fuels not only fco produce energy, but "also a's a basic r 

material for plastics, pesticides, and synthetic organie 

chemicals. Everyone alive today was born years after this^fossil 

fuel epoch began, and we have tended to, act as if we expect it to 

go on forever. But Dr. M. K. Hubbert of the U.S. Geological 

Survey estimates that in a period of only. 1300 years f romf / v * 

beginning # to end, humans will* have consumed thfe world's entire * 

available supply of fossil fuels. . v 

Thus the world today, is on the brink of transition from the 

fossil fuel age to some future energy era. As we Have seen from 

# 

this discussion of energy history, humans have moved from-^ne 
fuel epoch to another, not because the old source was depJ^t'Sd^ 
btft because something betfe4 had been found to take its place.. 
Discovery of the new preceded depletion of the old. People 
did not run out of muscle or wind' or animals , they simply found 
somfething better. But this time there must be a 'change to some 
other energy. form, and in the meantime? until the transition is" 
made, we must conserve the fossil fuel resources we have by~ cut- 
ting down -wasteful uses' and increasing the -efficiency of what we 
do need to use. 
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THE DEMAND FOR ENERGY 



WORCD ENERGY CONSUMPTION \ . 

Energy, the ability to do work, is the basic building 
block of civilization. People's use of energy once c'ame only 
from their own^ muscles. Later humans learned to use fire to 
keep warm and "cook food* Then they learned to^ use the energy 
of the wind in sailboats and windmills, the -energy of falling 
water in .waterwheels , and the energy of animals to work for 
them. Today we use a^ great variety of * energy resources, and 
in doing so, we are able to control many of the events which 
A affect our lives, and thus raise our standard of living. 

A country's standard of living is j directly related to its 
use of energy. The per capita energy consumption for a country 
rsthe total energy consumption of that country divided by its 
.population, ,and is thus the average amount, of energy used by 
each person in the country. The United States leads the world 
in both* energy Consumption and standard of living. In fact, 
with only about 6 percent of the world's^ population, the United 
States accounts for about one-third of the world's energy con- 
sumption. Other industrialized cpuntries of the world follow the 
U.S. in energy consumption, while the developing countries show 
the smallest energy consumption, corresponding to lower standards 
of living. 

Thus, it appears that in order for the developing countries 
of the world to raise their standard of living through increased 
-£ood production, improved sanitary conditions and increased avail- 
ability of manufactured products, they must increase their per capita 
energy consumption. It also appears that a continued high per 
capita consumption of energy wilibe necessary to maintain the -high 
standard of living that the United States and other countries enjoy, 
this increasing demand for energy by the world's population is 
one of the reasons for the current energy- shortage and the increasing 
cost of energy. 

In addition to an increasing per capita consumption of energy, 
► - we must consider the world's increasing population. At the beginning 
, of the Christian era, there were 200 million to 300 million people 
in the \orld. Jt took about 1600 years for the population to double 
to 500 million. The population doubled again to one billion by 
1825, in the next 225 v years; during this time the first industrial 
. revolution, based Qn steam power, started, allowing the world to 
. support a larger population. By *930, world population had doubled 
again to two billion*' in only 105 years. During this time, the 
second industrial revolution, based primarily upon tl>e development 
and ^e of electrical powejjf, took place. 

"In the 45 years since 1930, the population has doubled again 
to four billion. During this period, medical advances have i^~ , r * 
creased life spans, causing even greater population increases. - Scfate 
forecasters predict that the world population may well double again 
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before the y<*a& <e2000 . \ 

'Most of this gain will take place in the underdeveloped 
regions of the' world. Thus, these countries have* an especially 
hard task. "Since they have so many more people, they must irir 
crease their energy consumption by a tremedous* amount to in- 
crease per capita consumption. ' • . • * . • 

The effect of growing per capita consumption and rapidly 
expanding population has been a great increase in world energy . 
consumption, which illustrates the rise in energy demands in- 
cluding some predictions for the fixture. The^demand rises so 
fast that it goes off the top of most graphs by the year 2000.- 

A standard measure of energy is the British Thermal Unit 
(BTU) , which you have probably heard in descriptions of the 
capacity of heaters or air conditioners. A Q is a billion billion 
BTU^-s* of energy — i s ' a one, followed by ,18 *zeroes . It can 
also ue written 10 BTU. One Q is an astonishingly "large* amount 
of energy. To put it into perspective, the total world consumption 
of energy \n 1970 was 0.2Q, while the U.S. consumption was 0.07Q. 

Most energy *is obtained from* the \three major fossil fuels: 
coal, oil and natural gas. /These materials, deposited on the 
earth hundreds of millions of ye'ars ago represent the fossil 
remains of ancient t forests and peat swamps. The use of fossil 
fuels .increased rapidly, starting with coal about 800 years ago, 
followed by oil and gas at the beginning of this century. • For the 
last hundred years or so, fossil fuels have accounted c for most of 
the world's energy consumption. Coal, pil and rvatural gas will 
be supplemented in the future by petroleum products from sources 
such as oil shale and tar sands. Fossil fuel use is leveling off, 
and, within a hundred years, is expected to begin a rapid decrease. 
"This- decrease will b'e caused by the fact that the world's fossil 
fuel supply, which is not replaceable, is being used up rapidly. 
Other energy sources must be found to fill in the gap between 
world energy needs and dwindling fossil fuel supplies. 

Prior to 1850, most of the world's energy was supplied, by 
the three W's — wind, wood and water. These are still used today, 
but even expanding their use could not make up the difference 
between worldwide 'needs and the available supply of fossil fuel. 
This is the reason for the increased emphasis on research into otfyer 
energy sources. 

-ENERGY CONSUMPTION IN THE UNITED STATES 

-Covering 400 years for the United States, Figure 4 shown - 
on the following page gives a more detailed breakdown of the 
various energy sources consumed in the past* 175 years, along with 
a possible future breakdown. This figure shows that oil and > 
gas from both domestic and foreign sources will probably be consumed 
by the middle of the next century. The large resources from tar 
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Figure 4 

U.S. ENERGY CONSUMPTION AND FUEL RESOURCES 
Past and Future 
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sands and oil shale, which are just becoming economical to use, ~ 
will probably be c6nsumed by the end of 'the kext century. 

Coal is the one fossil fuel which will last us for S'eVerai 
centuries. Fortunately, this country has much of the world's 
known coal reserves. The area labeled "coal" on Figure 4 also 
^represents the increasing use of coal to produce gas and oil. 
That part of the figure representing wood, wind and water in - — . 
the past is expanded to include the predicted future use of tid)il 
and geothermal power and the combustion of agricultural wasteland 
other refuse as energy sources. This figure shows the recent 
introduction of uranium-235 in nuclear reactors for the production 
of electricity/ Note that this source of energy cannot be used 
indefinitely — the. economical supply of uraniumfc235 will eventually 
run out. In the future, if public acceptance is possible, will 
come the use of uranium-238 and thorium-232 in breeder reactors, 
which produce more fuel than they consume. These breeder reactors 
along with solar energy and fusion reactors, will probably be our . 
major energy sources in future 'centuries. There may even be some 
completely ^ new energy sources , undreamed of today. 

The need fpr -energy sources will, of course, depend on how . 
f^st the demand for energy grows. v Figure 4 shows the demands e 
that three- possible growth rates would make. Energy consumption 
has increased an aVerage of, 3.4 percent each year between 1950 
and 1970. The steepest line on Figure 4 represents a continuation 
of this growth rate. All possible energy sources would have to be 
developed as rapidly as possible* to environmental consequences. 
The horizontal liae projects the reaching of zero energy growth 
by 'the year 2000. ; Since the population will still *be ^increasing, 
this approach wouljd probably resul-t in a gradual lowering of the 
average ^standard of living. Even this level of energy use cannot 
be long maintained by §ur traditional energy resources. More 
•efficient consumption of the energy being produced would help 
stretch our previous energy resources. The possibility of energy 
use increasing at its present rate, but .with mo're efficient use, 
is represented by the 1.7 percent growth rate line. 

ECONOMIC IMPACT OF. THE ENERGY ^HORTAGE ^ 

• ✓ 

Abundant energy at a reasonable cost is basic to an in- 
dustrialized country like the United States. )Jhen this energy is 
not available, or when its cost rises greatly, the. impact is felt 
by ,all of us. • -For; example , the petroleum shortages of 1973 and 
1974 had effects far beyond the lon'g lines at the gas pufops. Oil 
shortages have also helped to slow our economic growth and have 
been a x major factor in the continuing inflation. * 

The energy pinch -is felt in many ways. For example, the 
price of electricity has increased significantly tot the first 
time in years, and" people are buying smaller cars as fuel 
economy becomes increasingly important. 
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The shortage of energy sources, coupled with concern over 
environmental pollytionT has caused severe problems for electrical 
generating plants and other industries. They, are forced to 
search for energy substitutes* and to pay greatly increased * 
\ - prices for fuel. 

Petroleum products are the' basic ingredient in many man- . 
made products, such as fertilizer, synthetic fibers, plastics, 
Synthetic rubber, detergents and paints. In the future, food ' 
t # will probably join the list. With such products in short • „ . 
supply, we should perhaps consider wITether such manufacturing 
uses rate a higher priority tfyan simply Jtfirriing the petroleum 
produces as fuel. * 

In - the short term, considerable energy -savings can be t 
^ realized through conservation and careful* energy management. ^/ 
o However, in the long run we must develop new energy resources 
and restructure our energy demands, since the availability u 
and cost, of energy have a dramatic impact on our lives. 

THE DEMAND FOR\ g££CTHICAL ENERGY 

Perhaps you have sjDme feeling now for the complex energy 
problems facing us today. We will now, narrow our discussion to 
only one important aspect of the energy picture: electrical . 
power generation and its environmental impact. The reason for ' - 
our concentration in this $rea i-s. that electrical power generation 
is predicted to be the fastest growing area' of energy use. m In 
J 1947, about 13 percent of the fuel used ;Ln this country was used, * 
^ / to-produce electricity. By v 1970, this figure had increased -to 
/ 25 percent. By the year 2000, it is predicted that between" "40 - 
/ and 50 percent of the fuel used will be consumed in the production 
of electricity. ifr the next century, most of the energy we cqn- 
*sume will probably be in the form o£ electricity. 

\ 

• A number of factors contribute tp* the increased use of 
electricity over other agency forms. First, shortages and in- " 
creased costs of gas £hd oil 'will lead to more. use of coal and 
uranium-*2 35. These two fuels are most suited to the production 
of electricity. Secondly, the burning of fuel to produce* 
electricity at a few large installations sho'uld make for better 
pollution control. Pollution control is extremely difficult 
when millions of homes r factories and cars consume gas and 
* , oil for hea,ting, cooling, or power. These two factors will lead to 
the increasing use gf electricity, probably including the wide*- 
spfead use of electric automobiles and public transportation. 

Electrical consumption is also growii^g beck^se of new 
consumer products and industrial processes demanded by the 
American public to maintain an e\{^r-increasing standard of living. 
Do members of youpt family own i?ore electrical appliances than • 
% they did five years ago? Chances are good that they do, and this 

use of electricity in the home represents only part of an individual's 
per capita consumption of electricity^ — Mujqh more 'electricity is 



erjc »* 14 31 



expended to manufacture the goods and services required to maintain 
the desired standard of living % Most of the items which 
Americans take for granted, such afe plastics, aluminum and glass, 
require the use of electrical energy in their "manufacture • In fact 
the* nation has become so dependent on electrical power and other 
forms of \iflechanical energy that human muscle now accounts for less 
than one percent of the work done in factories. 

In addition to these increasing demands for electricity, 
significant amounts will soon be required for cleaning up the, 
environment by such -uses as recycling- of wastes and sewage 
treatment . 

Table 1 shows how the electricity consumed in the United States 
is divided among various segments of the economy, 

TABLE I ' 

Consumption of Electricity in the' United States: 

^ Use Percentage 

(U.S . Average) 

Residential ' 32% 

Commercial . . 22% 

Industrial 42% 

Other Uses 4% 
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HISTORICAL SKETCH OF. ENERGY DEVELOPMENT IN LOUISIANA 



187Q - Accidental discovery of natural gas at an a-rtesian well 

drilling site in Shreyeport; used f^r illumination at 
* an ice plant % 

1901 - Oil first brought in in commercial quantities at the 
Heywood well near Jennings ♦ 

» • * 

1906 - Legislature passed the first state oil and gas con- 
servation laws* *' 

1908 - The first natural gas pipeline was laid in Louisiana, 

bringing 'gas from the Caddo field to Shrev£$ort. 

1909 - The new refinery in Baton Rouge went on stream. This 

is- the Exxon refinery of today which is among <the 
largest oil refineries on the North American continent. 

1910 - The first *bver~water drilling in America occurred pn 

" .Caddo Lake near Shreveport. 

1*938 - First production in open water of the Gulf of Mexgigpo. 
* 

.1947 - The first. oil well out of sight of land, was broughti 

in. in the Gulf of Mexico about 45 miles south of Morgan 
City, marking the birth of the offshore oil afid gas 
industry. 

1968- Louisiana's known reserves of natural gas peaked, 

1970 - Louisiana's known reserves of crude oil peaked* 

1970 - Louisiana becomes the nation*s largest natural 
" producing state. 

1978 - Significant discoveries of natural* gas north of Baton 
' . Rouge in the Tuscaloosa Sands, 3 miles b^low the 

earth's surfaces 
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WHERE DOES THE ENERGY WE USE, COME FROM? * 

• , * f 

There are 'five primary sources of energy that are naturally 

>. • v • ' * * - 1 

available \tt> usOpn earth: solar,, chemical, nuclear, geothermal, 




and tidal energy. Two o3 these, the chemical energy of fossil 
fuels and nuclear ejiergy ^ are stored or potential forms of energy. 
The other three — selar, geothermal , and tidal -energy — are kinetic 
forms of energy; that is forms which are active and always in 
motion. While we can use the energy in the stored sources of 
energy whenever we^choQse, -we 'can use the. kinetic forms only when 
nature make%them available to us; for example, sunlight is only 
available during daylight hours. In tile sections that follow we 
will briefly discuss/ each of the, primary sources. 

SOLAR ENERGY ; -Solar energy is a kinetic form of < energy. 
It is more precisely called radiant energy, much of which is ob- 
servable as visible light. A major portion of the sunlight which 
approaches earth is reflected by the Atmosphere back into space. 
Although only roughly half of the 'solar energy reaches the ground, 
half is*still a tremendous amount. ' If all the solar energy reach- 
s ing the ground could be stored for 48 minutes, it* could provide 

J 

as much energy as was used worldwide in 1970, N * 
%A very small part (T/5000) of this energy ir^teraSts with 
plants and fuels in the^jjfrbtosyn thesis .process . Solar energy, thus, 
is indirectly the source of the food energy on which we depend. 
It^Ls also the source of the chemical energy which was stored 
hundreds of millions of- years ago in the plant life of the swampy % 
jungles of the earth. We are using stored solar energy when we burn 
the fossil fuels: coal, oil, and natural # gas .» 

t 
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The sun's radiant energy also heats the 'land and the oceans 
and thus w provides the energy for the great air and, ocean currents- 
the winds and waves. .Historically, wind and water currents ' 
were e&rly sources of energy and were harnesse4 by windmills, 
sailboats, and waterwheels. With increases in the world's, pop- 
ulation and the rise of cities, however., these Sources became 

inadequate. Today we get some of our energy from these wind and ■ 

f 

•water .currents in a different manner. Some *of the sun's energy * 
evaporates *Vater from lakes and oceans. The water rises and- is 
carried- in the winds. If the water falls on the mountains, we 
get some of the energy for our use by letting the mbuntain-f ed * 
streams and rivers turn'the turbines of hydroelectric plants' to 
pjroduce electricity. * . r 

Most of the solar energy reaching the ground is unused by, 
man. It is available during the daylight hours throughout the 
world in varying amounts. However, since it is a kinetic form 
of energy, it must b6 used immediately or it must be converted 
into some potential form of energy for later use. Presently, 
sunlight is being used as the . sole source of heat for a few homes 
However, collection and storage of solqp gL nergy for later 'trans- 
portation an* use is still difficult; In* particular , we have not 
perfected practical and economical methods of collecting solar 
energy and converting it into electricity. Since the- lifetime, 
of the sun is many billions of years, 'for all pr^ctilcal purposes 
this energy source will always be w^th us. It is a continuous 

' - . i V 

source of energy which does not need to be renewed. 1 \ 

I pOSSIL FUELS ; The most important form of stored energ^is 
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the chemical potential energy of th6 fossil fuels: coal, oil, 
and natural gas. As we Have said, this energy was originally 
solar energy hundreds of millions of yej^rs ago. Coal began to 
be foTmed ^hen'the huge mosses 'and ferns of the Palezoic swamps 

> • ^ ; . 

* a. 

died and fell into the mud. They were acted on by anaerobic 

bacteria (bacteria which do not need oxygen) and then by pressure 

# f 

and heat as they were buried under tons of sediment and converted 
* • 

to the almost pure carbon of, coal. When the carbon atom is burned 

(oxidized) , it releases^.tfhis stored energy. 

Petroleum and natural gas wer'e formed in a similar manner. 

Some, of the plan't^and animal Life sank to the bottom of the great 

sea beds *and went through a different chemical transformation unde 

pressuita and heat to f ornv the "hydrocarbons/ 1 the complicated 

molecules pf hydrogen and- carbon characteristic of petroleum, 

J * 
Their stored energy is also released by burning. 

Fossil v fuels are used extensively because they are relatively 

easy to find, collect, store, and transport. Coal, oil, and 

natural gas resources can* 4 be located thrqu^h geological surveys. 

Once- discovered, the fuels can be removed from the ground 'by 

mining or drilling and transported by pipes', truck, rail, etc, 

to any destination. Although the formation of fossil- fuels is 

continuing, the process is very slow. It would , take ^another 

300 million years or so to ^produce an>'ainount equal to .that which 

* > • 

has been built up so far. Since our energy use is much more 
rapid than this, we are likely to use up All of our fossil fuels. 
For this* reason, fossil fuels are cabled .nonrenewable sources of 
energy, , . * t 

* NUCLEAR ENERGY ; A form of potential energy which is of 

* 19 ~ ■ ■ - 
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* growing importance is that stored, in nuclei, the tiny, dense 

cores of atoms. Nuclei are made up of the elementary particles — 
protons and neutrons. It is by rearranging- <these particles that 
nuclear energy is stored and released. There are two important 
examples of this:, the fission reaction and the fusion reaction. 
In the fission reaction^ the heavy nucleus, or center, of an 
atom such as uranium is split" into two lighter ones. In this 
process, mass is converted into energy and it is this energy 
we obtain from the hot interior of a nuclear reactor. 

The fusion reaction involves very light nuclei. It is the 
/■ same reaction which is the source of the sun's energy, - in a 
typical example, four hydrogen nuclei, by a complicated series- 
of reactions, combine to form the heavier helium. nucleus (two 
protons and two neutrons) . Again, some of the mass has been con- 
verted to energy. 

Nucrlear energy becomes available to us^ in the nuglear reactor 
of an el^ptric power plant. The energy of the nuclear reaction 
Jj^ats water, for example, and converts it to steam v This turns 

a turbine which produces electricity much as a river is used 
. in a hydroelectric power plant. The electricity is then trans- 
mitted to our homes through wires. The major fuel for the fission 
reaction in nuclear reactors is uranium 235; it is available in 
f . ' . limited quantities throughout the world. 

Like the fossil fuels, the nuclear fuels are also presently 
nonrenewable. However, if all of the many technical and safety 
problems 'of a new type of reactor^called the breeder reactor can 
be overcome, nuclear fuels will be much more plentiful. The * 
breeder reactor, while it uses up some nuclear fuel to produce 
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electricity, produces a by-product which can be reused as a •* 
nuclear fuel to produce more electricity. ^ 

GEOTHERMAL ENERGY : The earth ' s .interior is moisten rbck/ or 
i'magma" as 'the geologists call it. There is a tremendous amount 
of energy in the earth. Although heat energy is an active pr * 
kinetic form of energy, the heat of the earth is effectively 
stared and insulated by the solid, thin crust on which we live > 

We are not sure how the energy ^ got there- It may have been 
stored in the molten blob*of original earth, or it may > have come 
from the impact of countless chunks of matter pulled to it 
by the earth's gravity. We are fairly cfrtain that the radio- 
actiVity of some of the material in the earth keep? it hot. 
There "seems to be enough uranium, radium, and other naturally 
radioactive material in the- earth's interior to produce that 
relatively small amount of heat needed to make up for that lost 
through the surface. In this sense, geqthermal energy does not » 
need to be renewed and is essentially a continuous sgurfce. 

The geological conditions which produce geothermal energy 
restrict this energy source to a few geographic areas. Where 
available, it is inexpensive, clean, and has few adverse environ- 
mental Effects. It is available, to us in those regions where the 

4 

magma is close to the .surface and the energy can leak out from 
the core through crackp in the crust* Volcanoes, geysers and 
hot springs are^ visible evidence of geothermal reservoirs, but 
more sophisticated^ techniques^wii^ soon allow us to find others 
not evident on the earth's Surface. If" available as hot water 
or steam, geothermal energy can be used to heat buildings. Some 
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500 homes and offices in Klamath Falls, Oregon, are .heated by 
hot water drawn from a hot spring running under the town. Thfc 
only large-scale use of^it is in^the Geysers 'in California where 
dry steam — steam so hot there are no water droplets in it — is 
piped to steam turbines and- used to generate electricity. 

TIDAL ENERGY : The last of the big five, tidal energy, is 
probably of least importance for our use. The source of this 
energy is the kinetic energy stored in the rotation of the earth 
moon system. Like geothermal energy, it' is another example of 
the Successful temporary storage of energy in the kinetic ,form. 
It is continuous and does not need to be renewed. /This energy 
is converted to motion of the oceans through the gravitational' 
attraction of the moon on the oceans 1 contents. Ocean water is 
pulled toward the moon on the near*side (and bulges in the other 
direction on the far side) . To use this tidal energy, the up 
and down {in and out) motion of the water must be used to turn 
a turbine and produce electricity. This electricity can then be 
carried by wires to homes and of-fices. 

Tidal generation of electricity is only -practical where 
geologic peculiarities cause high tides. The first tidal dam ~ 
and generator were built in the Ranee estuary on France's 
Brittany eoast where tides rise and fall an average of 26 feet. 

There has also been some interest in building a tidal 
cohversion facility at Passamaquoddy Bay on the far northern 
coast of Maine, but it does aot yet appear commercially usable y 
We do not expect much contribution to our total supply of energy 
from this, form* 
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. WHAT IS ENERGY? 

Definition 

/ : * 

Eryerg^ is the capacity to dq^work. Work is force times 

distahce. Thus; energy is the_ability to apply a force, causing 

A 

aiy object to move some distance. In order for something to move, 
e.g., a door held closed by a spring, a force (push or pull) must 
be applied in the appropriate direction-. Thus 0 , work (force x 
distance) is bone on the door -to-open it. It is said, then, 

that energy is given to and stored in the door spring, * When 

* j 

the door is released, the energy storjed in the spring is re- . 

* 

leased, causing enough forcfe to be applied teethe door to close 
'it. In otHer words, the spring does work on the door. 
Kj.nc3s of Energy * % ^ 

Energy; in the form of motion, heat, or light is called* 
kinetic energy % The energy stored- in bread , gasoline, or 
batteries, in the nucleus of the Cranium atom, or in any erf 
its other clever 'hiding places , is potential energy . Kinetic 
energy is energy in ttfansit energy on the move. We use it in jj> 
this form, Pptential 'energy is storfed energy and it is in this 
form tha't we dig it from mines/* pump' £t from wells, ship it, 
and stockpile it.' The whole 'story ofv energy .is found in the 
description of these two forms, and in the conversion" between 
them, 

To use energy it'must be in the kinetic form. We- use energy 
because we want to do something to matter: move it, illuminate 
it, or warm it, A moving car has kinetic energy, The elections ' 
flowing through the toaster's heating element and the photons of 
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light coming to us from the sun have tl^eir energy^-in kinetic 
form* 

We store energy in the potential form* It is, of course, 
possible to 'store kinetic energy;, the flywheel of an engine 
stored kinetic energy in its rotating mass, and kinetic energy 
is stored in the rqtatiop of the moon about the/ earth* We can 



also, store heat energy in thermos bottles. Light ^nergy- is 



. almost impossible to store. Kinetic energy storage, however, 
is quite different from potential energy storage. It is tern- - 

• 'porary; we trap or insulate kinetic energy: it is a caged 
% % tiger ready to run free* *v 

Fo'nns of Energy 

' * ' • 7^7 

% ' '"Energy is found in many faxms. and may, in fact, be trans- 

formed in many cases, as is indicated by the arrows in the - 
diagrair^. 

^^UCLEAR 
•> ' MECHANICAL ' + * RADIANT . 

'.V 

- ELECTRICAL* — ¥ CHEMICAL 

The many varied "forms of energy 'cair become confusing, 
hence'to facilitate communication, the scientist generally think 

* * ' ► . ' 

* of energy as being in .one of the following forms: 

Mechanical — the energy *of motion; falling, rolling or . 
* . sliding^ bodies, sound, etc. ^ 




Electrical — the energy composed of electrons, either 
the push or. pull between bodies that are 
electrically charged and/or have a magnetic 
field about them; or the changes which 
result from the movement of electrons 
(friction, etc. ) . , 




— the energy of wave phenomena resulting 
from the acceleration of a charged x 
particle : x-ray «heat , light , etc. 

Chemical — The energy released or used up during 

an interaction between the> electrons of 
various atoms (In chemical reactions) ; 
corrosion , fire , explosion , biological , 
etc,- v - 

Nuclear — The energy released or used, up during 

alterations within the nucleus of atoms; , 
fission, fusion, 'transmutation. 

^ Energy, regardless of its form, may or may not be active at 

any* one time; therefore, each of the foregoing forms may be 

divide^ into potential (stationary) or kinetic (moving) energy. 

Energy Transformation - * 

When one, £|tate or form of k energy is derived, from another, we 
have, energy-to-energy conversions; these are happening all the 
time around us (and even inside us) . ? The one important thing to 
remember is that you^et^only as much but of energy-to-energy 
conversion' as yQu put intb /it; only the forms or states of energy 
are changed when energy is converted from one forrt to another. 
There is no such thing as getting something for nothing* 

Of all energy conversions occurring all the time, only a 
very f'ew wil& result in work useful to man. We increase the ^ 
number of conversions th^t generate useful energy through con- 
verters called machines, which transform energy of one form, 
the fuel, intb energy of another form, the products An automobile 

engine converts, by burning, the fuel gasoline into the mechanical 

t * * • 

gn^rgy r>f mnfinn, Onr own bodies convert fonfLJ. nto movem ent f 



heat,, and all life proce£s6s* The excess heat and sound generated 
by an automobile engine are mostly* waste energy, not useful to our 
purpose of moving from place to place; 
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Sources o°f Energy * 

There are five primary sources of energy that are naturally 
available to us on earth: soleras, chemical, nuclear," tidal, and 
geothermal. Two of these, the chemical energy of fossil fuels 
and nuclear energy, ^are stored or potential forms of energy. 
The others— solar, tidal and geothermal energy — are kinetic forms' 
of energy; that is,' forms which, are active and always i'n motion. 
While we,can use the energy in the* stored sources of energy 
whenever we choose, we can use the kinetic forms -only when nature 
makes them available to us; for example, sunlight is only avail- 
able during daylight' l\ours. • r 

In the sections that follow we will brief ly v discuss each < 
of the primary sources, as well as some energy sources which are 
in experimental stages at this time, such 'as wind. power and power 

0 

from organic wastes/ 

Energy is measured in BTUs . The following charts show 
energy source equivalents, where energy comes from, how it is- 
used, and projections for the year 2000. 
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ENERGY SOURCE EQUIVALENTS 
Oil ^ ' 

Natural gas 
Coal 



COMMON MEASURE 
Barrel* 
Cubic feet 
Short ' ton 

x Pound 



Nuclear fuel 
(such as Uranium 2315) 

*1, barrel of oil equals 42 gallons of oil. 



Where Our Energy Comes From (Trillions of BTU) 



ENERGY SOURCE 
Coal 
Oil 

0* ' Natural gas 
Nuclear 
Hydropower 
'total 



1971 



1975 



1980 



12,560(18.0%) 
30,492(44.0%) 



13,825(17%) 16,140(17%) 
35,090(44%) 42,190(44%) 
22,734(44.0%) 25,220(31%) 26,980(28%) 
405( 0*6%) 2,560( 7%) 6,720( 7%) 
3,560 ( 5%) f _3_ L 9_90( 4%) 
80,265 96,020 



2,789 ( 4.4%) 
681,989 



BTUs 

> 5,800,000 

1,032 

24,000,000 or 
,28,000,000 

360,000,000 



1985 
21,470(18%) 
50,700 (43%) 
28,390(24%) 



2000 
31,360(16%) 
71,380(37%) 
33,980 (18%) 



11,750 (10%) ,49,230 (26%) 
4,320 ( '5%) 5,950 ( 3%) 
116,630^ - ' 191,900 
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Where Our Energy Goes, : (Trillions of BTU) 



v ENERGY SOURCE 




' 1971 . 


1975 


• ill 0 


1985 


2000 


Household and 
commercial 


14 


,281(21*) 


15,935(20%) 

*<}. 


17,500(18%) 


18,960(16%) 


21^20(11%) 


Industrial 


20 


,294(29*) J 


[ / 22,850(28%) ■ 


24„,840(26%-) 


27,520(24%) 


# 

39,300(21%) 


Transportation 


16 


,971(25%) 


19,070(24%T 


22,840(24%) 


27,090(23%) 


42,610(22%) 


'Electrical 
generation 


17 

< 


„443(25*%) 


22,410(28%). 


29,970(31%) 


40,390(35%) 


80,380(42%) 


Synthetic gas* 








870{ 1%) 


2,670 ( 2%) 


.7,690( 4%) 



TOTJ\L 68,989 80,265 96,0^0 116,630 191,900 
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TITLE : 
#REA: 
OBJECTIVE: 



POTENTIAL-KINETIC ENERGY 



Science 



x MATERIALS I 
ACTIVITY-: 



.To investigate potential and kinetic energy 
considerations in moving a rolling cart along a 
flat tabj.e surface. 

Rubber band, cart, spring scale 

Hook one end of the rubber band to the cart and 
the other end $b the spring scale. Stretch the 
rubber band by pulling , on it with a force of 150' grams 
A Hold the cart to 'keep it from moving. .Then release / 

' the cart? and allow it to roll along the table. Whe/e ■ 
did the cart get the energy to move? What form of / 
energy does - the rubber band have in its stretched 
condition? Again, repeat the above experiment , u 
this time measuring the distances (in cm) that the 
cart moved when for.ces of 50 g;, 100 g., 150 g., 
200 g. anfl 250 g. were applied to the stretched rub- 
f • ber band. What effect did tl)e incte'ased force have' 

on the speed and movement of the cart? Describe the 
behavior in terms- of kinetic and potential energy. 

Teacher Notes ; The cart received its energy for movement from the 
stretched rubber band (potential energy). However, work was 
-previously done in ^ stretching the rubber barjd (as kinetic energy) 
to create th^ necessary^potential energy source. * 
** * 
Complete the following chart for the last part of this activity: 

Force 50 g.- 100 g. 150 g: 200 g. 250 g. 

Distance a ~ * "* " ' 



Prepare a graph correlating force (g) with distajicfe (cm) 
Relationship is suggested by the curve of. the graph? 



What 
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TITLE : 
AREA: 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



ENERGY CONVERSION 

Science ^ 

To review the Second Law of Thermodynamics by means 
of an energy. anacrostic. 



Listed in activity 

You Can't Win for Losing 



Activity : An Energy Anacrostic „ 
' Use : "Filler 11 during -a learning plateau ; review; 
day before vacation, a "gimmick, 11 
Timing : After the energy unit! 

"You can't win for losing" is an everyday statement 
of an important phenomenon in nature — so important 
that this statement has the status of a LAW* To 
find the formal and "official" name of thi^s law, 
work out the anacrostic. 

And then: 

1.. Look up this LAW in some appropriate reference. 
Which one? That's your problem, but ydfr might 
try your notes on energy production, 

*2. Copy this LAW onto a sheet of paper and show 
by giving examples (be specific, please) that 
you understand what it mfeans. 

3. Do you believe that the title of. tl(i\ exercise 
is appropriate? Why? Why not? Be specif ic — ' 
that means EXAMPLES. Pro#e your whys and why 
nots* t 

4. What do you think of this as another ■ possible 
title? J ^ 

"The^e is no such thing as a free lunch, 11 

-Barry Commoner 

^ r jr 

Attach your material from this activity to the com- 
pleted anacrostic and turn everything in at the end 
of the period. 
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The Arabs have this energy 
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EUERGY TRANSFER * ' 

Science v 

To demonstrate the transfer of energy from a food 
chain to the environment* ' 

Environmental Pollution (Prentice-Hall) 

Others listed in activity 

After studying food chains and food ( webs 'and the 
flow of energy through the environment, the follow- \ 
ing demonstration of gas production by anaerobic" 
organisms may be demonstrated. A small-mouthed ^ 
glass is filled with two to three Inches of a 
mixture of muck "from the bottom of a stagnant pond 
and oatmeal pablum in a 5:1 ratio respectively. 
A thin layer of sand is spread over this and the 
entire mixture is moistened. The jar is capped 
with a one-holed stopper and a piece of tubing is 
connected from the jar to & gas collection apparatus. 
The gas is then analyzed several days Pater. Then 
students should correlate the production of gas in 
this fashion to the production of natural gas which 
they use in their homes. 

V 




TITLE: . ENERGY FLOW THROUGH. A POOD CHAIN 

AREA: ^ Science , -Home Economics 

OBJECTIVE: " To help students understand how energy from food 
f is used, transferred, and lost.- 1 

MATERIALS: Listed in activity * 

* ' r - 

ACTIVITY: Discuss with students such terms a^/food chain, 

producer, consumer, decomposer, respiration, bib- - 
mass, trophic level, food pyramid, metabolism', and 
•/ , . Calorie.* Students should know why chemical energy 

available' in life processes is constantly decreasing 
through * the food chain. - * c 

Specifically , students should : 

1. Be able^feo construct a simple f ood *chain and 

* describe how energy is passed along it. • ? 

a 2: Know the extent to which green plants Absorb the 

sun's energy., 

3. Know that 'most energy used in life' EProcesses of 
the plant is expended in respiration. 

4. Know the Calories contained in some of the mojre 
common foods.* 

5. Know how energy is 'dissipated to maintain body s 
iffetabolism. 

» v * * 

6. Understand how r energy is lost 'as it is passed 
along each trophic level. 

/< 7^ Know how man, through the agricultural processing 
_ of foods, loses or wastes significant amounts of 

energy* <^ . „ 

CONTACT ORG ABI ZATIONS : 
t r~ 

Local Agricultural Extension Service;' Home Economics or 'Agri- 
culture ^departments at nearby . colleges or universities. , 

REFERENCES : * * ' 

See biology and ecology textbooks in school library. 
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TITLE: 
AREA : 

OBJECTIVE: 

MATERIALS; 
ACTIVITY: 



ENERGY FLOW IN MANUFACTURING 

v- 

Language Arts ,s> Speech 

o 

To help students gain an understanding of how 
energy is used to -produce and operate individual 
^pieces of -merchandise. 

Listed in. activity 

i ■ < , 

Each student should s/el-ect an item he/she has recently 

purchased or worilci like to purchase, then develop a 
research .paper , essay , or oral presentation about it 

(including visual aids for emphasis) bafsed on the 
following questions: 

1. What* were the. original sources of energy used to 
make the object?* ± 

2. What 1 types of energy were needed or transformed 
^in manufacturing the .item? 

3. What raw materials were used in manufacturing the 
. object? 

4. Tracing the energy used to manufacture the object 
all the way back to its ultimate source: 

a. How much energy does it take to mak^ the^ 
object? * - 

b\ *How much energy.' does it take to dperate the 
* object? 

5. How* durable is the pbject and what happens to 
it when it is no longer operational? Can it be 
recycled? > ■ 
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TlTLE: 
AREA: 

OBJECTIVE : 
MATERIALS : 
ACTIVITY: 



'.SOLAR ENERGY CONVERSION ' 

Science > • * 

To demonstrate the -use of solar energy conversion. 

Umbrella, aluminum foil, beaker, thermometer 

1. Students can build a, makeshift solar reflector ' 
bV using* an old umbrella and aluminum foil. Re- 
move th£ handle of the umbrella and then line the 
inside with foil. This solar reflector can be 
used^to heat water by focusing it at the sun and 
therT concentrating the energy on a , beaker /of water, 



2, 
3, 



6 

7, 



Using a thermometer, take tempera txjre readings, 
Discuss questions: 



a. 
b. 
c . 



How hot does the water temperature /get? 
How long will, water remain this hot? 
Do you get the same results on a cloudy day? 
When the reflector is not pointed directly, 
toward the sun? . * 

d. Try heating other things in your solar 
*ref lector. $ 

e. Could the solar reflector have any applications* 
* in your everyday life? 

The teacher can guide the students into a dis- 
cussion of the, potential use of solar' energy 
to.produce steam k to t rur) turbines, to heat homes, 
and to cook foods • A study of weather: conditions 
and geographic locations suitable to the use of 
solar energy could' be researched. 

Define and discuss evaporation, condensation, 
and distillation. 

How is the watdr cycle related to hydropower? Why 
is hydropower considered a form 1 of solar energy? 

How can a solar still be put to practical use? 
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TITLE: 



AREA: 



OBJECTIVE: 



MATERIALS : 



ACTIVITY 



CONVERSION OF PLANTS TO COAL 
Biology 

To study the conversion of plant materials into coal. 

Ferns, slides or diagrams of tree ferns, sand, p^a^t 
moss, coal, 10-gallon aquarium, slides or charts of 
geologic\^.me. 

1. Distribute samples of ferns, peat, moss, and ooal 
to the students • Show students geologic time 
charts and describe the physical condition of the 
eirth during the coal-forming process, 

2. Fill a. 10-gallon aquarium with tap water • Add 
enough peat moss to make a 1" layer. Allow one 
week to elapse • What is the condition of the 
WcjJ^r now? (Include pH , odor, turbidity, de- 
composition of .peat moss, etc,) Have any changes.^ 
occurred in the peat moss? Suggest reasons for - >( 

the changes or explain why changes did not occur, 

» 

Sift moderately fine sand over the peat mpss to a 
depth of 1". After the sand settles, add an equal 
depth of peat moss. Repeat the process for ag 
% loiuj as desired or until several successive 
layers have formed. Is coal still being formed 
naturally today? -Explain, 

3. "Students should then go to the library and research 

the formation of coal, the types of coal, and the . 
locations of coal deposits in this state, 

» < , 

4. Using topographical maps, locate the coal-producing 
areas in the United States. Find cross sections 

of the area 'and locate a coal vein. Would the cost 
of extracting the coal be feasible and practical? - 
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TITLE: 



ENERGY CONVERStON 



AREA: 



Science 



OBJECTIVE : 



MATERIALS : 



ACTIVITY : 



To show how chemiqal energy may be transferred 
to heat energy, 

Large tin can, small vial or test tube, thermometer, 
plaster of'Pari^, cardboard for insulation - 

Mix the plaster of Paris and pour it in the large 
tin can. Inunediatgly' place the via'l containing- 
water and thermometer into the semiliquid plaster 
of Paris . ? Record the temperature at the 'beginning 
of the activity and a final reading when the plaster 
of Paris 'has hardened; Discuss the range of 'tem- 
perature change." What caused the temperature change? 

Use a measured mass of water and calculate calories 

of energy released* Calories released are equal 

to the 4 change in temperature x the mass of the water. 

'Alter the amount 6*f plaster of Paris and graph curves 
of change 'in amount of plaster vs temperature 
change* . * 



,Use a- constant; amount of plaster and^change the 
amount of water"to alter the 'concentration; graph 
and discuss the results. 
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TITLED 



CONVERSION OF ENERGY 4 



AREA: 



OBJECTIVE :* 



MATERIALS : 



ACTIVITY: 



Science, Home Economics \ 

To study the conversion Of food energy to heat 
energy and to calculate the approximate food 
energy value in calories. 

Wire stand, 50 ml' beaker , 40 ml tap water (equals 
40 grams) , thermometer, potholder or tongs, straight 
pins, large cork stopper, aluminum foil, miniature 
marshmal lows (stale ones work better) , peanuts^, 
scales, alcohol burner or Bunsen burner 

r 

1 . Measure an amount of marshmal lows equal to the 

weight of one peanut. Mount the peanut and marsh- 
mallows on separate straight , pins • 



* 2. Set up an experiment with the 

peanut as shown in diagram. 
Cover cork with aluminum foil. 
Put books or cardboard under 
the cork so that t^e peanut 
will be 2 cm from the beaker. 
Cover the top of the books or 
cardbord with aluminum foil 
for safety. r 
i. 

: 3* Measure 40 ml' of tap*water and 
add to beaker. Measure the' 
temperature* of the water and 
record on Table I under Start- 
ing Temperature. • • " %t 

4. Holding the cork with tongs, start the peanut 

burning using an alcohol bttrner, Bunsen burner, 
I or matches. Quickly and carefully, place the 

* corK with the burning peanut under the beaker of 
water. 

, * 

* 5* .When the peanut, stops burning, measure the new 
temperature of the w ater in the beaker and record 4 
it unde# FijtGl TempSfcfCture 




Repeat t 
of fres 



.s procedure 
tap water eac 



wo more times: Use 40 ml 
, time.' Then calculate the 
gain in- water/ temperature. < 

_sing the marshmal lovfs , repeat steps 3 - through 
6 and record the temperatures on Table II. 
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8. Calculate the amount ^of ^energy in the peanuts , 
and mar shmal lows, 
s 






Calories* = grams of water x change in temperature 
C°C) 




J 


c ^ ^(A calorie is' a 'unit of energy; the amount of 

J^gnergy needed to -raise the temperature of 1 gram 
of water \y C. A "diet 11 Calorie is a kilocalorie 
(1/000 calories) and should be written with a 
capital "C" to distinguish it, from the smaller ^- 
unit 0 ♦ 


• 


s 

* t 


t 

9," Compare the^resuits of the experiment and^discuss: 

a. Did you measure all of the food energy 
" release^? 

b. Why is the energy value of peanuts and 
> marshmallows so different? 

c M " Row did the energy get into the food? 

> 

d. Compare and qontrast food and petroleum. 
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1 TABLE I - PEANUTS 






Trial 


NO. Of 


Mass v of 


*S tar ting 


Final 


Change 


No.. 


Peanuts 


Water, 
(qrams) * • 


Temp, 


Temp 
(°C) * 


in Temp, 

(°c> 




1 " 


40 








2 


1 ' 


40 








4 3 


1 


40 















• 










Average Temperature 


Change 



3 

TABLE II - MARSflMALLOWS 



Trial 
No". 


No. of 
Marshmallows 


Mass ef 
H 2 0 


• Starting 
Temp. 
(°C) 


Final 
Temp. 


Change 
.in Temp. 


1 




40 








2 




40 








3 




40 










Average Temperature 

•* 


Change 
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TITLE: 
AREA: 

OBJECTIVE: 



BODY HEAT CALCULATION ^ 

V 

Science x " 

To calculate the heat generated by : tl^ bodies in a 
classroom. ■ 



MATERIALS 



ACTIVITY: 



None r * > o 

t» { » 

1. The average student produces 250 BTU/hour sitting 
at his/her " desk . A fl class % of 30 students in a 

^classroom 24 f x 35 1 x 8' would produce how much 
' heat? \ 

2. A BTU is Q required to raise the -temperature of *l f 
of air 1 F. How warm would the classroom be in 
one hour if the outside temperature is 32°F and 

.no other heat source is used? Assume complete 
transfer of heat to air. ^Assume also that the- 
classroom temperature is 32-°F #t the start of the 
hour . 

3. The statement was iftade by one author that a room 
of students would remain comfortable even if the 
temperature outside is below freezing. Do you 
agree with this /statement? Show calculations to v 
back your decision. * 



OPTIONAL ACTIVITIES: 



1. 



2'. 



3. 



Devise a method for measuring heat generated by 
a group. or ' a single student. (Tip: Try a 
smaller place than a^classroom. ) 

How much energy would be necessary to raise the 
temperature pf your classroom 10 F? How many 
students would be required to produce this much 
heat in one hour? . . 

V7hat would be the effect of jackets or other in- 
sulative clothing. on the heating of the room? 



4. /-Convert the values given in this activity to 
metric units. 



1 BTU = 0.25 kilocalorie (or Calorie) 
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TITLE: POTENTIAL ENERGY 

AREA:- Science * * 

1 

OBJECTIVE: ' To measure a persjjn's potential as an energy source, 

• * 

MATERIALS: Hand-cranked generator; three or more light bulbs 
(15-watt, 30-watt,. 60-watt)*, insulated wire; light 
bulb socket, watch with second hand 

ACTIVITY: 1. Use the generator to light a 15-watt light bulb. 

What effect does varying the speed of the generator 
have on the brightness of the light? By counting 
the number of turns per minute, determine the rate 
of turning needed for maximum light and^ minimum 
light. 

2. - Change the size of the bulb. Repeat #1 with 30- 

an8**60-watt bulbs. What was the effect? Graph 
number of turns per minute vs wattage of bulb, 

3, How long dan a student keep the 15-watt bulb 
burning brightly? Measure,. tim'e in seconds. How 
much power was *producecf?% 

Power = power x time { 

Energy' = wattage of bulb x number of seconds 

Energy = joules ' h 

- ^Energy unit: joule, Power unit: watt 

■1 joule of energy is 1 watt of power used for 1 
second. 

\ 
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TITLE ; ENERGY CONVERSION 

# * 

AREA: Science 



^^^^^ 




OBJECTIVE,: To describe the energy conversions that take place 
• in an automobile and to give examples of energy 
conversion using everyday processes around' them. 

MATERIALS: Listed in activity * «•* 

/ n 

ACTIVITY: After the brief introduction to the topic of energy* 
distribute the Fact Sheet to students and allow suf- 
ficient time for in-class reading of the material. 
The Fact Sheet might well be read aloud in class. 
Pause frequently to explain and bring out important 
> functions of energy conversion. 

You may sum -up by having students use the terms from 
the lesson orally in filling in the blanRs of the 
auto story, which you may ditto for pap^r and pencil 
work, or read aloud, pausing at appropriate" times to, 
have students fill in the .energy form. 

fl Naming the Energy Form 

> When a fuel such as gasoline is ignited, the 1 

energy is converted 'to . 2 energy. This 3 £frgrgy 
is converted to ^'4 energy of the pistons in^ the 
engin^, -which causes the rotation of the flywheel. 
Some of the 5 energy is then used to turn the gene- 
rator to convert 6 energy to 7, ^ energy. Some < * 
of • the 8 - energy is converted to 9 energy for 
the headlights, and 10 energy in the cigarette lighter. ^ 

An alternate summing up may be accomplished by .having ' 
students identify energy by what it- does*. Prepare a 
series of statements similar to these/ or have students 
invent statements of their own. * , 

When, you clap your hands, you change muscular energy 
to ( motion ) and 'to ( soiftid ) m 

When. you are talking, you change ( medhanical ) , energy 
to ( sound ) . 

*When striking a match, you convert ( chemical ) energy to 
(heat) and to ( light ) ; [ ^ 

Have students use the information found in the'Fact* 
Sheet to help trace light .energy in the automobile 
back to its energy origin. Ditto class copies of the- 
pictured atfto and en£r#y tracing blocks to be filled 
in. * 
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The blocks should read: 



Chemical 
(battery) 



Lights 
(headlights)* 



Electricity 
(generator) 



Mechanical 
turn generator. 



• Heat 
(cylinder) 



Chemical 
(gasoline) 



To broaden the concept of energy conversion, have 
the students complete the matrix, ^Examples of 
Energy Conversion . " 



References : 



J NSTA . Interd isciplinary Student/Teacher Materials in Energy , 
the Environment, and the Economy, 1977. 



Teacher Notes: 



One very important property ,of energy is fhat almost any forta 
of energy can be converted* itito almost any other form. Changes in 
energy are most useful wh,en controlled. Mastery of energy has 
been the key to technological-progress . Unwise use of energy 
might be the^key to mankind's destruction. 

. The automobile, being familiar to alibis a good example of a 
,^way in wh,ich changes in'energy have been controlled and used. 

; Answers to* Auto Story 

v • • 

- chemical 
' 2 - heat 

3 heat • " * ^ • , - 

4 - mechanical- ' ^"""J' 

5 7 mechanical • „ y . * ~ ^/^ 
% — mechanical .* < 
• 7 - electrical ' ' 

8 - *electricak 
"9 - light,. " * . - . 
10 - heat 4 * 



1 



ERJC 



47 



67 



Energy Conversion: A Fact Sheet 



, What is energy? The first step ir) trying to define energy" 

is to set up two categories: energy in the form of motion, heat, 
or light, i£ called kinetic energy; energy .that is stored ,in food, 
gasoline, t^e i$6pleus of atoms and batteries is called potential 
energy, Kinetic energy is energy on the move. Potential energy ° 
is stored energy and it is in this form that we dig it from mines 
. and pump it from wells. To use energy, it mu£t be in the kinetic 
form. * 

We ru^'e energy because we want to do something to -matter; . 
move it/ illuminate it, or warm it. We usually store energy in the 
potential form but it is possible to store energy in the kinetic 
jrorm, too. This form of storage, however, is quite different, from # 
potential storage, it is temporary; we trap or insulate kinetic 
■ energy. Examples of kinetic energy being stored are the ,f lywheed. of 
an engine and heat energy in a thermos bottle. Potential energy 1 
storage is more permanent. It is accomplished by changes in the * 

'Structure of matter. A simple way to store energy is to, lift some- 
thing away from the earth. (Energy is stored when water is ptimped 
to the top of a water tower,, then converted to kinetic energy When 

^it is allowed to run through pipes.) * ±«r- 

f Energy constantly changes forms. It can be potential stored*' 

in co^l and when the coal burns at a power plant it changes to " 
J the kinetic form, the heat of steam. When steam is allowed to >\ 
^'strike the blades of a turbine, some of the heat energy becomes , 
the kirieteateienergy of motion (mechanical) of the engine . The " 
turbine turns an "electric generator and some of the energy becomes 
x eleotric energy. Electric energy is also changed in form when it 
is used. „ * 

These changes of forms are governed by strict* laws; the 
» first of these is called the First, Law, of Thermod ynamics, which" 
states that energy can neither_he created nor destroyed. The Second 
Law of Thermodynamics state's that in. any gdn^trsLipn 'of energy from 
'one form to another some of it becQmes unay&ilabLe -f or u$e. This is 
mainly because some of it- becomes heat and, it is not possible to 
^convert all of a given amount of heat energy completely back to 
-another form. This unusable heat energy leaks away^apd gradually 
warms » up the universe. . . - - ' 

. * > w 

It is possible to convert all of a certain^ anlount of . . > 

mechanical energy' to heat by, for instance putting qjv the brakes 
of a car. It is possible to convert all the chemical energy of » 
coa f I intd heat by burning it. These" conversions cannot go to 
completion in the other> direction, only a -limited amount of heat , 
energy is convertible back to other* forms . There are many\£6rnjsp 
* of energy but before most energy can be used t.o do work it first^. V] 
heeds to be changed into mechanical energy. ' • v * 
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Tracing Energy Conversion in an Automobile 



Directions: Take an automobile trip backwards by "tracing 
the light energy in an automobile back to its "original source. 
Fill in each numbered block with the name of the appropriate 
energy form: heat, light, chemical, etc., and with what part of 
/the car?makes this conversion possible. The first space has been 
filled in to help you. $ ' * 
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Examples of Energy Conversion 



Directions: 'Write in each box examples of one form of energy being converted ' into 

another form. Begin with the vertical column on the left. 

Example - Heat is converted into a light energy in a light bulb so write 

light bulb in the box formed by the intersection of the two enerqv 
forms. . * J 
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i 

HEAT 


LIGHT 


SOUND 


MECHANICAL 
(Movement) 


CHEMICAL 


ELECTRIC 


NUCLEAR 


HEAT . 


X 














LIGHT 










* 






SOUND • 


• 




\. 






i 


- 


MECHANICAL 
(Movement) 


, i 








• 

• « 






CHEMICAL 
















ELECTRIC 


t 






« 








NUCLEAR 




* 


4- 




0 







71 



TITTLE: 
AREA: 

OBJECTIVE 

MATERIALS : 
ACTIVITY: 



EFFICIENCY 

Science, Vo-Tech, Mathematics , Language Arts, Art, 
Social Studies 

To discover the relationship between the efficiency 
of people and machines. 

Listed in activity 

Ask the class to describe an efficient person. (One 
who gets work done with an apparent minimum of effort 
or wasted energy.) 

Discuss whether the same definition of efficiency 
would apply to a machine. -(Yes; .the efficiency of 
a machine is the ratio of work done .to the energy 
used to do the- work.) 

Find out how efficiency is determined; (Divide 
work -done by energy used and multiply by 100 = 
% efficiency.) 

What is lost that determines efficiency? (heat) 

Ask the students to rate the following energy conversion 
processes in terms of their efficiency from highest to 
lowest. (These are in the correct order; be sure to v 
give them to the student^ in s a e different ^order . ) 



electric generator - 95%' 
dry cell battery - 90% 
large electric motor - 90% 
storage battery - 75% 
small electric motor - 65% 
steam turbine - 50% 



steam power plant - 40% 
diesel enqine 35% 
automobile enqine - 25% 
fluorescent -lamp - 20% 
steam locomotive - 10% 
incandescent li'ght bulb 2% 



Compare our major uses of energy with the efficiency : 
ratings; for 'example, 1/4 of our energy is used in' 
producing electricity in plants with an efficiency of 
30% ox less. 

Compare use and efficiency for transportation. 

.Ask: Why are enqines so inefficient? (Many moving 
parts, plus burning fuel = a lot of heat loss.) 
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- "4. .- ' *• 

Investigate how the efficiency of automobiles 
expressed in miles per gallon has been increased 
in recent years. (Lighter cars, high compression; 
could be increased more 'except for use of air 
conditioning ., ) 

Ask: "What helps to keep automobile efficiency low?"- 
(Automatic transmissions, power brakes, air condition- 
ing • ) 

Deliver^a two-minute sermon on the evils of in- 
efficiency/ 

Draw a picture of an inefficient, law-energy trans- 
portation system. (Hiker, Himalayan porters, t 
etc. ) • 

Describe your efficient transportation . • 

Compare the effdciericy of automobiles and a'irplanes 
in moving 100 people 'from Atlanta to New Orleans. 
(According to one of the major airlines, a Boeing 727 
uses approximately I860 gallons of fuel per hour. , 
Pt is approximately 1 hpur/ s .flying time from tfew 
Orleans to Atlanta. The 727 would use approximately 
1860 gallons of fuel from New Orleans to Atlanta. 
If 'aifEombbile^ average 16 miles per gallon and the * 
distance from New Orleans to Atlanta is 448 miles) 
it would take 28^ gallons of fuel for an' automobile 
to go from New Or.leans to Atlanta. At the average 
of 2 persons per automobile, at the above rate how 
many gallons would it take for 100 persons in 50 cars? 
Calculate the amount of gallons required to take 100 
persons in a 72 7 and by automobile, varying numbers of 
passengers^ per automobile . ) Make up your own problems 
and do calculations using the following data. 

Type of Plane_ Number of Gallons" Passeng er L imits 

Boeing 727 1860 per hour , 137 

31 per min. ) 

DC-10 2730 per hour 327 

45 per min. 

Even without the above data, it is more energy ef- 
ficient to fly on a regularly scheduled airliner. Why? 
(Planes will be flying anyway.) 

Make the same comparisons for trains and trucks used to 
move freight. (Trains use 1/4 the amount of energy 
to move the fame amount of freight.) 

What other/actors might be considered* in deciding 
how to mdvel freight? (Perishable cargo, etc.) . £ 
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What other factors increase overall efficiency of 
trains as compared to automobiles? (Trains use energy 
to move ' their *cargo; most energy used in cars is used 
to move the vehicle, riot the cargo,) 

Add' new energy words to* the class energy vocabulary 
list • 
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TITLE: 



HEAT PUMPS 



AREA: 



"OBJECTIVE: 



Science, Industrial Arts , Vocational-Technical , 
History ^ 

To discover the relationships involved in heat 
transfer to and from the natural environment. 



MATERIALS : Listed in activity 
ACTIVITY: Introducing the lesson: 



1. Say: ,! At last we have a device which seems to 
defy the laws of thermodynamics. It produces 
more energy as ,heat than is contained in the 
fuel used to operate it - the heat puifip." 

2. Ask: How qould heat pumps benefit the energy 
conservation effort in tfce State of Louisiana? 



3. 



\ 



Collect information on heat pumps for heating 
and air conditioning from local stores . 



Developing the Xesson : 

1* Investigate the operation of a hefat pump. (Operates 
on the same principle as a refrigerator - alternate 
evaporation and condensation of a/toeat transfer 
.agent, Freon, ammonia, etc./ to take heat energy 
from a colder area (inside refrigerator)- and pump 
it into a hotter area (kitchen), but, unlike re- 
frigerators , the heat pump can be reversed to 
provide heat instead of removing it.) 

2* Investigate the heat given off by a refrigerator. 
Feel the coils under or behind the unit. 

3. Ask: Is the heat given off by a refrigerator 
wasted? (It is not only wasted,, but is released 
into a kitchen from which it may have to be re- 
moved by. air conditioning.) * 

4. Ask: What is the source of the heat required 
for the evaporation of the heat transfer agent? 
(Outside air) 



5. Compare the heating and cooling cycles of the 

heat pumps. (In summer, heat needed for evaporation 
of^heat transfer agent is taken from inside the 
house. This evaporation cools the coils and sur- 
rounding air. This cooled air is then blown into 
the room by a fan = air conditioning. In^winter, 
the cycle is reversed. Heat is drawn from the 
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outside air, further cooling it* 9 When blown into 
a room during the condensation stage, the heat 
warms the room/ or supplements the regular room 
heating,) 



1. Investigate the development of heat pumps by <> 
pioneer inventors Sadi Carnot, Rudolf Clausius, 
and Lord Kelvin, ^ 

2. Find out why heat pumps are not more widely used* 
(No effort by electric utility companies*, manu- 
facturers, or retail stores to inform the public 
of their usefulness and energy conservation value. 
There were also operational problems with earlier 
models. Heat pumps are now being promoted as energy 
cons-ervers • ) ^ 

3. Ask: Whi^hould utility companies be expected 
to promote a device that saves electricity? \_ 

4. Investigate why heat pumps work more efficiently 
in Louisiana ^than in the northern U.s'. (Freezing 

. * temperature's form frost on outside coils, reducing 
pump efficiency.) 

5. Investigate the differences between water to air 
. heat pumps _arfd air to air heat pumps, and the 

advantages or. disadvantages of each type. 



Extending the, lesson : 





55 » 



TITLE: 
AREA: 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 
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- COMPARING ENERGY PRODUCTION AND CONSUMPTION 
•Science, Social Studies 

To familiarize students with *and enable them to read" charts on energy to 
compare the data-, . 

Charts, pens, handouts 

r 

Using charts on production and jjpnsumption, ask the children: 

1. Wh^t conclusions do you draw concerning production and consumption 

of the- following energy sources: (a) oif, (b) coal, (c) natural gas, 
(d)< hydro, (e) nuclear • 

2. What is the effect of consuming more energy than we -produce? 

3. What is the economic effept of this? 4. What is the significance of the 

data on coal and natural gas? 




i Hydro 

Nuclear 
Other 0.1% 



1979 PRODUCTION 



1979 CONSUMPTION 
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t 

_ SOLAR ENERGY 

"The prospect of harnessing the sun's energy is enormously 
pttractiye. The reasons are understandable: sunlight is ubi- 
quitous and inexhaustible,^ sunlight is. safe, and non-polluting, 
and sunlight is free. 

The concept-is, far from new. As long ago as 1872, a larqe 

/ 

solar still produced fresh water in Chile. In 1913 a 50-hp solar 
steam engine was built near Cairo, Egypt. In the 1920s and 30s 
solar-powered water heaters were used in more than 25,000 homes 
in. Florida, Arizona and California, until cheap, abundant natural 

gas made thftm obsolete* . 

/ - _ 

/The sun, like the other visible stars-, is a giant thermo- " 

♦ 9 

I 

nuclfear furnace which converts matter into energy. Every second 

nearly 5 million tons of the sun's mass is converted into energy, 

producing power corresponding to nearly 4 x 10 watts.' The earth 

receives only a smalJ^ portipn^of this, 'but its share still corres- 

15 

ponds to 180 x 10. watts, which is about 30,000 times as large * 
as the world's total average power consumption:.. Even though about 
one-third of this energy is reflected back -out into space (mainly 
by clouds}' and only half actually reaches the earth's surface, the 
total .amount of solar energy,, constitutes a vakt and largely un- 
tapped resource. The two main problems in using it are that it 
is not very intense (large collection areas are needed) and it 
-is not available nrnch of the time. . ' * 

r^Kt of the energy resources usedf by the huihan race are 
Jreally^Rlar energy in converted forms. Sunlight is essential 
to the pTiotosynthetic processes required for plant growth and 1 
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is thus the energy source of food and wood fuel. The sunlight 

of ages past was the source of the chemical energy of the fossil 

fuels — coal, oil and gas. The ultimate source of wind energy is 

* 

the sun's heat, which drives the circuTation . of the atmosphere 
Hydro-energy of water power and hydroelectric installations also 
come from the sun, whose heat evaporates water which then condenses 
when cooled and eventually flows downhill to the ocean. Energy 
resources that are .not derived* directly from solar energy are 
nuclear, geothermal and- tidal energy; the letter is partially solar, 
but mainly lunar energy. 

Several methods of using solar energy are being used or tested 
today, and others are on the drawing board, 

Solar heating systems make use of the heat that results from 
absorption of sunlight. The heat can be collected by flat-plate 
collectors and used to heat (or cool) water or air for such pur- 
poses as domestic hot water heating, , space heating or air condition 

ing. The storage of the heat for;use when the sun is down or on : ' 

• ■ .** 

cloudy days is a major part qf such a system. * One collection- 
storage system, the solar pond, can store summer heat for winter 

v 

use, but mo£jt other systems can store heat for no -more than^a few 
days. Solar thermal energy can also be used to produce electricity 

at large "solar farms" in* desert areas or at' seaside thermal-energy 

V . ' 

conversion plants. 

' % 

Sunlight can be conv^£ed directly into, electricity by photb- " 
voltaic devices' such as silicon .or cadmium sulfide ."solar cells." 

» s a 

These ^operate in direct sunlight and do not involve the conversion 
of solar energy into heat before conversion into electricity. 
In addition to the "active" methqds of using solar energy 
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—-with the aid of equipment such as collectors, there are "passive" 
systems which involve proper design of buildings to take ad- 
vantage of sunlight directly. Examples of "passive" systems 
are large south-facing windows, roof overhangs to keep out -direct 
sun in summer, and walls ai}d floors of heavy construction .to 
store' excess solar heat for later use. Home design with good^ 
insulation and passive systems can greatly reduce winter heating 
needs . 

The simplest method of using solar energy to conserve fossil 
fuels is to collect solar heat to heat homes or hot water for 
domestic use. Solar thermal energy^ can also be used^for cooling 
(air conditioning).- 

The basic collector being .tested "or sold in the U.S.. today 
is a flat-plate collector consisting a>f a black absorber, £ heat 
transfer, fluid to carry the heat "to the place of use, a cover 
plate of glass or plastic, and insulation. Such a collector works 
best in direct sunlight but can also collect heat on cloudy or 
hazy days from dif f use^sunlight; 

The absorber of the collector is painted, black to increase 

> - * 

the amoun.t of solar energy absorbed. Certain selective <cpatin§s 

have been developed which are transparent -to^ visible light (and 

thus let the sunlight pass through) but opaque to infrared radiation 

(and thus decrease the heat losses due to radiation % from^ the ab- 

sorber) 

Th^cover plate is usually glass, which admits sunli&it (or 

mp£t of the sunlight;) ;while preventing convection looses from the 

>- . /- '{ 

.inside of ±he collector. Some heat loss from conduction occurs 

~~ , 

through , the, glass; thick glass or several panes of glass will v * 



reduce such heat loss. In colder climates the use of several 
layers* of ^lass m6re than compensates for the, reduction in sun- , 
light passing through the glass layers. The heat transfer fluid ' 
may be either gas or liquid, and both types of collectors are 
available. The most common fluids ,are air and water. 

A solar .collector can collect heat only during the. day, so 
it must be used together with a storage system if .it to meet 
a substantial portion of the energy needs of tlie- 'building Air 
^ systems generally have "a large storage tank consisting of rocks * 
about the size of a baseball, although other storage systems in- 
volving salts can also be used. Glauber's salt, a hydrated sodium 
su^fattp, has been -tested because its melting point of 90°F. is 
very /useful. Heat coming into°the salt storage melts some of the 
salt, while heat removal freezes some" of the liquid salt; in '* > 
either case the temperate remains at 90°F. Water or other liquid 
systems usually store energy in a tank of the liquid. 

The' solar heat collected can be used' for space heat during 
the winter and for heating hot water for domestic use. SolAr hot 
water heaters have been used for* many years in Florida and oth^r 
southern states as well as In foreign countries ' such as Japan. 1 
The technology for solar hot water heating is simple and often 
very economical. Solar heat can also be used for air conditioning \. 
using absorption type air conditioners; this use has the advantage 
that«fcthe days the cooling is most needed arg^ usually the days of 
ample solar energy. 

i 

Several different designs for solar electric plants are being 

_ • . • ~U 

■ studi-ed.. The heat could be collected in . any* of several ways, 

- ' - . ) • ' 

such as by flat-plate collectors similar, to' those used p6r home ' 



heating. Since steam-electric plants are more 'efficient when 
they have high temperatures, it would^ be. better to use concentrators 
to secure high temperatures. ^ The most promising method/ however, 
is the central receiver concept. In* such a system hundreds of 
mirrors would be placed on a larg^ expanse of ground to reflect 
sunlight onto a collector at the top of a high tower the mirrors 
positioned to reflect the sunlight directly to the tower. The 
absorbing fluid at the central receiver would serve as the work- 
ing substance for the electric plant. The University of Houston 
has designed such a system using a square mile of reflecting 
mirrors and a 1500 -foot tower. The plant will produce 500 mega- 
watts, equivalent to a large Conventional plant that might occupy 
a similar amount of land. 



/ 



The photovoltaic technology for generating electricity 



directly from sunlight was invented "&*L the Bell Laboratories in 
the 1950s and is commonly, referred to by the term "solar cell." 
The most common solar cells are specially treated sin^le^crystals 
of thte semiconductor silicon, which c$n convert solar radiation . 
directly 'into electric power with an efficiency of about 10 per- 
cent. The incident light energy separates electrons .from the atoms 
in the solar cell and produces a voltage.. / 
Solar cells have proved very usefulrand convenient for pro- 4 

ducing electricity in remote, areas , as on satellites, but* their 

* 

cost has inhibited their m use by electric utilities or homeowners. 

• * ■ « 

Solar cells capable of ".producing one kilowatt of power cost 
hundreds of thousands- o^f dollar^ until very recently , when concerted 
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efforts have been made to reduce their costs by finding new and 

'i - 

more efficient ways of manufacturing them. Currently their price 



' _!i sa. 



is tens of thousands of dollars per .kilowatt , whic-h makes 'them 
tens of times as expensive as other*. methods of generating 

. electricity. However, semiconductor technology has made great 
advances in recent years (best illustrated by the great Jprice 
reductions of pocket electronic calculators) and there^is hope 
that solar cells will be competitive in the 1980s. 

Low-cost solar cells could* revolutionize the electric 
industry. A homeowner could use solar cells on an area roughly 
the area of a house roof to meet the 'home's electric requirements 
The ma-jor problem is likelyto be a 5attery system to store 
electric energy for use when the sun is not shining; battery 
systems are presently rather expensive. The promise of photo- 
voltaic tecttnology *had,.Q.ed to a $3Q million investment by "Mobil 
Corporation in Tyco Laboratories, which has been researching a 
particularly promising approach to manufacturing silicon solar 

-cells inexpensively. * 

Silicon cells are not the only upssibility. Other materials 
such as cadmium sulfide are also being studied. In addition, 
since the cells are expensive it is often, cheaper to build 
reflectors which concentrate sun-light from a large area onto the 

t * 

cells than to build large cells. ^Imp roved technologies for con- 
centrating sunlight can thus help solar cell technology. 

In addition to sm^ll scale uses of solar cells, it might be 
possible to cover large areas of land (e.g., desert areas) with_ 
solar c£lls to generate electricity. Another idea that has been 
developed by Peter Glaspr is to byild larqe solar cell arrays in 
space, where they can be facing the sun continuously. The col- 
lected electri/ power would be beamed to earth in the form of 



microwaves, which can then be reconverted to electricity • U.S. 
electric power" needs could be met by several dozen large 
(13-square-mile) photovoltaic/ collectors of this sort. Such 
satellite collectors would probably be very expensive to con- 
struct, and large land areas Jkould be needed to collect the 
microwave power sent to the earth's surface, 

"How feasible is it to use solar heating in a home at this 
time? Commercially available solar collectors are approximately 
$10/square foot, and a home solar heating system that would pro- 
vide both heat and hot water runs about $10,000 to $15,000, The 
-payback time for this system would be in the range of 15 to 20 
years.* As fuel costs rise, the payback time could be shorter, 
A system for providing only hot water ranges in price from 
$500 to $2000, depending on the type of system, arid the payback 
period for. this would, be v 3 to 5 years. Systems-can be retro- 

0 

fitted on^o houses that are already built, but results are 
usually more satisfactory when they are incorporated into new 
houses," (Hodges and Neff, 1976*) 

* Varies witl^ the^geographic location, thfe system, and the initial 
cost. ' * 



LIGHT 
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To discover the relatioship between 'the light 
the sun and how people see it. 

•i 

Listed in activity 

1. Ask: What is light? (A form of the r<^pant 
energ"y of the sun, measured in wave lengths) 




2 

3, 



9 

10, 
11. 




Have the students describe the light of the sun. 

Ask: Wha<t .does it mean to you? - (Write their 
answers on the chalkboard k brightness, shade, 
blending of colors, etc.) 

•Investigate the use of lenses and other Optical 
glassware to study light through the ages. 

Focus lights covered with red, blue, and tjreen 
lenses or cellophane on the top of a white cue 
ball or egg. Describe the colors you see, 
(Spectrum) 

Now focus the lights on a large sheet of white 
paper lying flat on the floor go that the colors 
overlap in- the center. \ Note the color white 
where the red, blue, a nB &B€$n light overlap, 
Ask: What is white? ($um of all 'colors) 

Note where oniy two cc^fbrs overlap. Describe 
the color you see. (Red-green overlap = yellow 
light; red-blue overlap = magenta light; blue- 
green overlap = tyan) "* / 

Try to produce the same colors, using artists 
paints. Do you get the same colors when you mix 
pigments? (No) 

Look through a prism to see the colors of the 
spectrum. 

Ask: How else might we see the spectrum? 
(Rainbow or looking through a drop, of water) 

Investigate the bending of light as it passes 
through a lens or water. (Look' at half ' of a 
friend's face through a glass of water; What' 
happened to. the light? (Different colors °bent 
by different* amounts and so they spread out to 
show their colors . ) 
x • 
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Extending the lesson ; 



1. What is the color green we see? (Green pigment 
which absorbs all the colors of white light 

~ except green)y* 

2. What is black? (Pigment which absorbs all white 
light) t 

3. What is white? .(Pigment which reflects light 
and absorbs none or very little, color at all) # 

4. ^Investigate the reverse colors of a photographic 
negative. , , 

5. Add to the class energy vocabulary list. 



\ 1 
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TITLE^: 
AREA: 



SOLAR OVEN 

Science, Social Studies, Industrial Arts 



OBJECTIVE: To demonstrate the construction and the use of a 
solar oven 



MATERIALS 



ACTIVITY; 



A 30-square inch piece of sheet metal painted on 
one side/ with flat black paint; 1-5/6 square yard 
of 2 to/4 inch styrofoam or a wood frame; 1-5/6 yard 
of 1 irych .fiberglass insulation, glass cover for 
the front of oven*; overx thermometer; thermometer 
to check waiter temperature. 

/ * e 

After-/a few simple .experiments "to show^ the, heating 
power lof the sun, involve the students' in constructing 
a solar-radiation oven. Students should <iry apples, 
heat water and bake cup cakes 9t\ the solar oven. 
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TRAPPING SOLAR ENERGY 

t 

Science IJ 

To demonstrate the most efficient meahs of trapping 
solar epergy* 

Six test tubes with one-hole stoppers to fit; six 
thermometers, one sheet each, of black, blue, red, 
white and green colbred paper; aluminum foil 

Fill each test tube with water. Place stopper on 
test tube and insert the thermometer i^to the hole 
in the stopper. Behind each of the test tubes place 
a sheet of colored paper and a piece of aluminum foil 

Record the initial water temperature* After five 
minutes of sunlight exposure , read -the temperature 
of the water again and record. Repeat this procedure 
for thirty minutes. What can be said about the coJ.or 
background and the ' temperature change? 

Repeat the experiment, this time wrapping each test 
tube completely in the colored paper. Are there any 
differences .observable from the first set of data? 
Explain any such differences* . ^ 

Can you see any application of this experiment to 
the v use of solar energy in the home? Explain. - ' % 




TITLE: SEA THERMAL POWER 

AREA : Science, Social Studies, History 

OBJECTIVfe: To discover the relationship between ocean temperature 
.gradients and heat engines. , ■ / 

MATERIALS: Listed in activity ' - \ 

ACTIVITY: Introducing the lesson : 

, Every person in the South knows about the warm Gulf 
Stream whi,Gh flows north along. the east' coast of 
Flprida. Ask the students if .there is any way that 
the heat energy of the GuIiStream could be usedl 
(Yes, the ocean is a • naturalSheat engine which could 
\ produce electricity if its e/ergy could be captured.) 

In solar power proposals , (collectors of solar heat 

are often t^o expensive tc* make the project economically 

feasible. Ask: What is the solar heat collected in 

the Gulf of Mexico? (The sea itself collects the 

hefet — free.) • 

Developing the lesson : * 

^Find out how a h^eat engine works. (Heat engine placed 
between a high temperature source (the o,cean surface) 
and 'a low temperature source (deep water in ocean) . 
Heat flows from hot to cold through the heat engine, 
which converts it to work -for el.ectric P9wer production.,) 

Ask: Why is the Gulf Streaflf. a good location for use 
of a heat .engine to produce, electric power? (There" 
* is a year-rotind difference of about 40 degrees, between 
the surface and wat^r 10,00 feet? /below the surface, 
t No seasonal or daily variations.) 

t Investigate the research of the French scientist 

Georges Claude and his development of a sea thermal 
steam-turbine in Cuba in the 1920s. 

Describe the operation of the Claude power plant in 
Cuba. (A vacuum pump brought ^arm surface water to 
a boil by reducing pressure. Steam was used in a , 
turbine to produce electric power.) if 

Why were larger plants not built when they were so 
. successful? (Thgty could not compete economically 
with' plants using newly-developed oil resources.) 

, Investigate efforts by the French government to build 
a sea thecal power plant. +- 



ERJC 



68 



90 



ERIC ' 



' Read in Clark 1 s "Energy ^Et5f" Survival" about the proposals 
of the Andersons of York, Pennsylvania and Dr. William 
Beronemus of the University of Massachusetts to use 
sea .thermal power plants to produce electricity or 
hydrogen for fuel . 

Extending the, lesson : 

Some areas of Louisiana are short of fresh water. 

Investigate the dual use of a sea thermal power plant 
to desalinate sea water. ^ 

Describe the advantages of an underwater ocean power 
plant. (No storm problems) 

How would such a system work in polar regions? (Even 
th$ cold ocean can be a heat source, like the inside, 
df a refrigerator can give off heat, as long as there 
is colder air around to act as a heat sink for the 
p^ant 1 s condensers • ) # N 

Investigate 'the possible effects on marine life of 
a sea thermal power plant in the Gulf Stream. (Cold 
water brought up from bottom would be ^beneficial to 
marine life. The greatest concentrations of marine 
, life in the world ar£ in areas where currents bring^ 
nutrient-rich cold water to the surface.) 

Investigate how electricity produced could be .used 
to produce hydrogen for a hydrog^en-based energy^ 
economy. (Instead of sending electricity ashore, it 
would be used to make hydrogen by electrolysis of water. 
This hydrogen could be transported in existing gas * * 
pipelines to. local fuel cell plants to make electricity.) 

Ask: ^ Why doji*t we build it? • 

v. 

Add to the clasps energy word list*. 
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.TITLE: ; m SOLAR COLLECTOR 

> 

AREA: Science 



\OBJECTIVE: To demonstrate the construction and use oi a solar 
collector . , < 

riATERI ALS : Listed in activity v m * • 



ACTIVITY: 



Each. of the following are outlines for suggested 
student projects in solar power. The outlines are 
intended to serve as starting points only and. are not^ 
to be taken as a set of step-by-step instructions on 
how to build or design solar collectors, 

1. * Construction of a simple solar collector: 



solar collector 




collector 

„„„ " box 
glass . 

sun 

light J/\ wodden dowel 

V //y or other sup- 
>y J?/ V P or * 

hinge* 




small fountain type paxp 



al. glass carboy insulated 
ith glass-wool 



wood base 



i H soft metal 'tubing coiled 
back and forth ^ ^ 




*hot v/a^er 
«^ outlet . 



cold water 
^nlct • 



wood box about !• x 2* 'x k n 

covered with a s,heet ,of glass or clear plastic 



Construct wooden- box, place iron .plate with tubing* 
secured on -surface inside, paint flat^lack, cover 
with glass and place on roof.'- f * 

Water* lines running from roof to classroom should be 
insulated. Soft rubber sheathing used by air-qpnditioner 
contractors should be ideal. 
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Pump should have a small flow jratebut develop 
enough -pressure t& push' water* up to roof, Depending 
on climate, ant4-f ireeze may be added to prevent burst- 
ing pipes in winter. - * 

* v ~~ * 

Recirculate water during- day1rigl\fc^only and take . ^ 

temperatyre readings several tinfes^pei^ day over A t # L - 
period of a few weeks. Petermin^ maximum tempera- 
ture reading. * ' s • r / ; 

2. Prepare three t essentially identical collector 

0 4 systems and vary the .tilt referenced to horizontal. 
Set one collector so measure, of angle is equal, 
to latitude ^bove equator. Vary the other col- 
lectors and determine the most efficient placement 

^ ~% *for your geographic locarti^UTH- " - 

3. ' Use three identical collector systems setVat' . • * 

optimum angde. Connect" the three hel^t reservoirs ' 
in series with each other. Determine ^ 'p^jj^ittg 
the , collectors in series or .parallel ^i^L 1 be more:^ 
efficient". Propose an explanation -"for youa? results.' 

4. To get- more realistic' results,, plaee-^—lead on~your 
system by drawing, of f; a small quantity of -the' hot 
water and' make it'up -with cold\ A-f;low rate of 
about .1 'total volume per hour would-be a?reason- 
able load; Determine power rating of system by 
measuring flow rate and^av'erage temperature change. 

' ' If possible collect data over several months. 

5. To make the *system"inore efficient, design and in- 
stall a control device to detect the temperature 

4 increase in the apllector and interconnect with 
the £>ump. The s^tem 'should circulate water when 
there is a heat g^Ln in the .coil and shut off when 
** not. v 

6. If sraall' experimental system begins %o operate^ 

0 effectively, design a larger model using a dis- ■ , 
carded hot water heater as the tank. Tr,y to^use / 
the hot w^er produced for- as nvaQy useful purposes / 
as possible. Some examples are: hot wafer .for j 
washing glassware, design, a heat exchang^an^ use / 
the heat to warw acjuar-iums, use the heat to warm, j 
animal rooms, plant rooms, or greenhouses. j 



\ 
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SOLAR STILL 

Science ^ 

To use a solar still to demonstrate the water cycle 
and hydropow,er - ' ^ 

Three plastic containers or buckets— (^bout one liter 
Vt>lunte) ; ^.astic to cover an'd 'overlap container; / 
strings or tape tp bind the {plastic as a cover on the 
contai/ier; three "weights or, stones; thre^ tumblers 
or small tin cans'that will fit inside, the container 

1. . Put water into the container to a depth of approxi- 

mately 3 cm and a tumbler* in the center of the 
container. 4 f 

2. Place the -overlapping plastic * v 
on the container and bind it/ * 

"to the sides of tffe container, 
, • making -it airtiglit. 

3. Place a weight or stone, on 
top of the plastic causing- 

it — to* sag .so that tire -plastic 

is barely above' the ttambler. 

4. Place the container in the 
sun for^a considerable -time . 
Observe that the. water, evap-- 

^ orates, aiid condenses on-\lie 
plastic as droplets which tT 
.run into'thsi glass 'in a con- 
tinuous £>rocess\, * ^ 

5. . Repeat the experiment , musing three solar stills 

with* the same si.ze containers and collectors. 
Set up one as before with plain water; In the 
- second still/ put brine or salt water in the 
•'container. In the third still, put green lawn 4 
-clippings or chopped leaves* in the container./ 
Place, the three solar stills in the* sun fox ttife. 
same amount* of tigie. -Examin& : ar>d, compare the 

contents of the three collectors*. 

' ** » 

6. Define arid discuss £vaporatioh, condensation, and 
distillation, " - , 

- • ' % ' . - ' ' ' • • " 

'7. How is what happened in the ^solar -stills similar 
. . to the water cycle in'ln&turje? How^is'the water.-' -f 
cycle related to hydropower? y WJhj£" i3 hydropow'er 
♦considered a form of - solar ,ene$hgy? 

<-8rr' Hew.. can a -solar, 'still be put tp- pradtioalyuse? 
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TITLE: • . TRACKING THE SUN BY COMPUTER 1 

AREA: "Science, Astronomy, Computer Science 

OBJECTIVE* To find th*e altitude and ^azimuth of the sun tor 
any date, location and time? to find the*-right p 
ascension and declination of- the sun for any date, 
' location and time-; and byuse of the computer 
visually to display a diagram of the sun's position 
for any date, location and time, 

MATERIALS:^. A computer -/terminal; sun-position computer; program 
"(included' in. activity) 

* 

Background Information 

This computer, program was devised by high school students 
to find apswers to their questions about the sun's app4rsnt_ 



movements^ A knowledge of mathematics, computer science antf 
astronomy was necessary to devise this program. This knowledge 
then had to be integrated into a scientific toed. This tool 
could then be used involving ^sola'r energy problems- 

The students who devised this program know that the * 
effectiveness of a solar powered . device depends on its align- 
ment to the sun. If a collector is properly, aligned its ef- 
fectiveness could be greatly increased. Therefore they wanted 
to find the sun's e^act position. They knew that this position 
could easily be found by looking in the nautical ephemeris, but 
'in devising a computer program many valuable lessons were learne 

V- _ • 

This program can be used as an end ir> itself or as a 
stimulus toward the development of more solar information pro- 
* grams, # • ' . / * \ . 

Hints on Gather ihg Materials v 

Whenever de^ising^'ar computer program decide if "it- 
serves a purpose and is applicable to the needs*"of • 
o '.the unit* b<*ing" studied. . * w 

. - K flow chart from which this program was. developed* 

] * ' M v is available from the Solar Energy Education Project , 
c/o Bureau' of^Science Education, State Education * 
. ' 1 Departments Albany , New York 12234. * 



Surge's ted Timfe AJ^L o'tment 



If the program is to^be^ used as an informational 
gathering tool it. could be completed in five minutes, 

If the program is to be used as a stimulus to the 
development of further programs the time allotment 
could be^ several weeks. 



Suggested Approach * t 

* . * 

The program must be eritfcrech into the' school f s own 
• data storage system* and therefore -a program^ ist 
has been supplied.' The .program is written in '' 
> , Hewlett-Packard "Basic 2000 Level F. 
«■ * * ' 

Before beginning, sti^ffents should be § adequately 
instructed in th^~ method of getting this program 
on the computer and told to follow carefully all 
.•instructions, given by the program. 

Typical Results « . * * 

See - next page r * 

Precautions 

The computer mu^t be programmed exactly according 
to tFie accomDalf^ng^progranv. 
v " 'X \ 



Modifications 



The program itlay be modified to include additional 
astronomical motions. 



Evaluation 

- NQNEi 

QUESTIONS 




1. How could this information about the sun be used 
in the placement of solar collectors? 

2. * Whafc are the astronomical changes that take pf^ace 

to cause the, variations J in the sun's pat'h? 

3. What effect ^itfes^the , sun 1 s changing position have 
on the effectiveness of a solar "collector? 

GOING FURTHER ~~ 

Addit ional information programs* about the* sun could 
be developed, such as: a) A program to cpmpute the 

-duration of sunlight on a given day at a given 
latitude . *b), A program to compute the effectiveness 
of a collector in a fixed position, as the sun moves 

^along its daily pathT and during the sun's change 
in position during the year. 



'RUN * ' 
SUN \ 

THIS 'PROGRAM WILL ALLOW YOU^TO CALCULATE THE RI3HT 
ASCENSION, DECLINATION,. A*LTITUrE, aKiD AZIMUTH OF THE' SUN 
ON A GIVEN DATE 

THE AZIMUTH OF 1HE SUN RUNS FROM 2 DEGREES AT THE' SOUTH 
-TO 90 DEGREES AT THE EAST 'TO 180 DEGREE'S AT THE NORTH 
TO 270 DEGREES AT THE WEST 

WHAT IS YOUR LATITUDE IN DEGREES.( + FOR NORTH , - ?0% SOU%;?40 

-WHAT IS YOUR LONGITUDE IN DEGREES'( + FOR WEST, - FOR EAST??72 

TO FIND THE DESIRED INFORMATION INPUT. 
TN THIS TIME ZONE mJ . * THIS " 

GREENWICH MEAN TIMB* * OHE2WWICH ' ^ 

FA-STERN STANDARD TIME * * EST 

CENTRAL STANDARD TIME * CST 

MOUNTAIN STANDARD TIME * * M$T • 

„ PAC IF IC STANDARD TIME * * PST 



WHAT IS YOUR TIME .Z0NE7EST 

INPUT THE DATA,. IN THE FOLLOWING *FORM 

INPlfr THE MONTOfl-12), A COMMA, THE DAT(l-2i) f 

A COMMA, AND THE YFAR( ALL »4 DIG ITS) ?6.,22, 1$&2 

INPUT THE TIME OF DAY IN 'THE FOLLOWING TOW 
INPUT THET'IME ON THE INTERNATIONAL CLOCK (0-24) 
THE. TJME MUST BE INPUT *IN DECIMAL F0RM75.25 



THE DECLINATldN-OF £HE SUN IS 23 



DEGREES 



THE RIGHT ASCENSION OF «THE SUN IS 6.3 
THE ALTITUDE IS Id , DEGREES 
THE A'ZIMUTH IS 108 DEGREES 

ZENITH 
* * 



HOURS 



* 



' 4 



\ * 



/ (S) *I* ■. * . 

' * I * 

* . '*'*,'-. if 

****************************** ************£***:<<:•,,#,■,,:;;::. V****,^***********i((j(,** 

r i , * i i. i 

•i i i • /• i i 

NE. E " " 5 W NW 
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LIST ' 
SUN 



COMPUTER PROGRAM 



1000 
1010 
1020 

1040 
1350 
1060 
1070 

« 1080 
109-0 ' 

• 1100 
' .1110 

1120 
1130 
1140 
.--1150 
1160 
1170 
1130 
1190 
1200 
1210 
1220 
1230 
1240 
1250 

. 1260 
1270 

,128.0 
12 90 
1300 
0 1310 

1320; 

1330 

• 1340 
1350 
1350" 

we 

1330 

1390 

1400 

1410 

1420 

14=30 

1440" 

1450 

14*60 

" 1470 
1 4 D C 
14 90 

' 1500 
1510 
'520 



PRINT 
PRINT 
PSIJMT 
PRINT 
PRINT 
PRINT 



REM **** '"PROGRAMED BY MJCHAEL D*. ANGLE' **** 
REM **** VRITTEN- IN HEWLETT-PACKARD 3ASlC"2000 LEVEL F **** 
PRINT "THIS PROGRAM WILL. ALLOW VOU TO CALCULATE TKE'RIGFT" 

ASCENSION, DECLINATION", ALTITUDE, AND. AZIMUTH OF THE SUN'" 
ON A GIVEN. DATS" ' 

THE AZIMUTH OF THE* "SUN RUNS- FROM. 0 DEGREES AT THE SOUTH*' 
TO 90 DEGREES AT THE EAST TO 180 DEGREES AT THE NORTH*' 
TO 270 • DEGREES 'AT THE WEST" • 

DIM A$'[9] ,F$("1],T$[9] 
LET A=. 91706 

LET' Z= .017202 - * * 

LET Zl=5/? .2958 1 , 
LET Z2=. 0.17453 * 
L'ET ?1=3.14159- 

P^INT "WHAT IS YOUR LATITUDE IN DEGREES ( + FOR NORTH, -FOR SOUTH) 
INPUT LI 
LET L'1=L1*Z2 
PRINT • 

PETNT "WHAT IS YOUR . LONGI TUDE TN DEGREES (+ FQR WEST , - - FOR EAST )' 
IWUT L2 . / * ■ 

LET L2=L2/15 ' 

PRINT , 

""TO FIND THE DESIRED INFORMATI TON .*• INP.UT" 
IN TH?S TIME ZONE " * THIS-"- 



PRINT 
PRINT 
PRINT 
PRINT 
PRIN^ 
PR INT 
PRINT 
PRINT 
PRINT 

INPUT 



GREENWI'CH MEAN TIME 
'EASTERN STANDARD TIME 
' C'SNTRAL STANDARD TIME 
"FOUNTAIN STANDAR'D - TIME 
"PACIFIC STANDARD TIME 

' v'HAT IS' YOUR TIME ZONE' 



GREENWICH" 
EST" 
*CST" 
MST" 
PST" 



PRINT' 

MINT ''INPUT, THE DATE IN THE FOLLOWfNG FORM" 

PRINT ' INPUT THE ^0NTH(1-12), A COMMA, THE DAY(1-3D," 

PRINT' A COMMA. AND THE YEAR ( ALL 4 DIGITS)";. 

INPUT D1.D2.Y3 " 

P^I-NT 

"INPUT THE TIME OF DAY IN THE FOLLOWING FORM" 
"INPUT TEE-TIME ON THE 'INTERNATIONAL CLOCKi0-24) 
"THE ?IMS 'MUST BE INPUT IN DECIMAL* FORM" i 
T1 • ' 

LIN (2) , 
RESTORE 3350 s . • 

PEAD A9,39 , . ,* ^ 

IF A9*D1 THEN 1460' < 
.IF (Y3/4)*(INT(YS/4) ) THEN 1510 
IF Dl <= 2 THEN 1510 
LET 39=(B9'-1 ) 
LVT A3=Z* 'B9+D2' 
W'-C&E 2^3 i 



PRINT 
PRINT 
PRINT 
INPUT 
P°IMT 
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2120 

2130 

2140 

2150 

2160 

2170 

2180 

2190 

2200 

2210 

2220 

2230 

22*40 

2250 

2260 

2270 

2280 

2290 

2300 

2310 

2320" 

2330 • 

2340 

2350 

2360 

2370 

2380 

2390 

2400 

2410 

2420 

2430 

2440 

2450 

2460 

2470 

2480 

2490 

2500 

2510 

2520 



IF Y#U THEN- 2140 
PRINT TAm-l)"(S); 

READ F1,F$ ' . ' ■ 

IF F$="5" THEN 2200 
• PRINT TAB(Fl); - 
IF (Fl + 1) >= (X-D* AND (Fl + 1) <= (X+l) AJID Y=U THEN 2140 
PRINT F$J 

GOTO 2140 • C > 

PRINT 

NEXT TJ 

FOR Ul=l TO 71 * . 

PRINT "*"; > • \ 

NEXT Ul , '. « 

PRINT I,"TAB(ll)"l"TAB(35)"l"TAB(59)"l"TAB(69)"l" 

PRINT I TAB(11)"I"TAB(35)"I"TAB(59)"I"TAB(69)• , I , • 

IF LK0 THEN 2300', / 

PR'INT " NE"TAB(11)"E"TAB(35)"S"TAB(59 > "w"TAB ( 68) " NW" 
STOP 

PRINT " SW"TAB(11)"W"TAB(35)"N"TAB(59/"E"TAB(66;"SE" 
STOP 

PRINT " "; 
'GOTO 2140 

REM **** DAYS FROM MAR." 21 DATA 

DATA 1,-80,2,-49,3,-21,4, 11,5 ,41 ,6, 72, 7 ,102,8 ,'133 
DATA 9,164,10,194,11,225,12,255 
REM TIME ZONE, MERIDIAN DATA **** 4 

DATA "GREENWICH", 0 

DATA "EST",5,"CST",6,"MST",>,"PST",8 
REM ****, PICTURE PRINTOUT DATA **** 
DATA 28,"*" t 35,"*",42,"*".,0 t "5" 
DATA 22, v *\48,"*",0,V t 0,"5" 
J)ATA 16."*", 54 "*",0 •. , 3",0. ,, 5",0/ , 5" 
DATA 9 , 61 , *" ,0 , 5" ,0 , 5" ,0 , -5" . 
DATA 5, H » H t 65 t "«";0,"5" f 0,"5" 0 "5" 
DATA 3,"*",67/ , *" t 0,"5". 0,"5" ? 0,"5",0,"5"' 
DATA l,"*".35 t "0". 69,r>\0,"5 7, 
DATA 34,-"*\35, ,, I-\36,"*\0,"5" 

•Data zz"* n % &"\\v?"*\*;:*r 

DATA 34,^,36 0 ,V 
DATA 0/*",33/*'\37,"*",70,"*" 
END 
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- fc PROGRAM ADDENDUM *• 

TRACKING THE SUN BY COMPUTER . 

The« following changes for some of the foregoing j^ograjn 
instructions are made to assist you in putting this exercise on 
your system, ^ , 

The changes may have to be initiated because of the lack \ 
of standardization among BASIC compilers. Any changes suggested) 
conform to the ^so-called Dartmouth^Basic 'which is as close +to being 
►a standard as exists. Instructions for which no comments have been 
made are common to all BASIC compilers. " / 4 
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TABLE OF SUGGESTED CHANGES 
1* A l Statement #(s ) item * 

1090 * ' DIM Statement 

Comment^: t String variables are handled by two ' 
different methods depending on the compiler. 

'' - a. . As in this program, by defining the number 
of characters in the string variable. * 

"v. Example: DIM A$ (9) - - - ' ' - 

,A$ is a string variable 9 * alphaneumeric 
characters long. 

b. By setting up an array (table) of a specified 
number of elements or' locations^ 

^ Example: DIM A$(9) - -,-v/ill create a string 
variable array A$ of 9 locations of a set * 
length depending on the compiler". 

If jour 'system does not. handle strings by' 
method (a.)' above exclude this statement from 
the program. 

Statement # (s ) i Item 

1260 , u PRINT' 

Comment: If your system uses method Ja.) as * described 
immediately .above , it is suggested that the^*f ol'lowing 
three changes be made in the* program listing. (If 
yotir system uses Method (b.) ignore these changes.) 4 

1090 DIM A$ (3) ,F$ (1) ,T$ (3)' ' 4, 
1260 PRINT "Greenwich Mean Time *GRE" ■ - 

2380 DATA "GRE",0 - * 



TITLE : 
AREA: 



PRODUCTION OF BIOMASS 
Science 



OBJECTIVE: To learn thfe fole of solar energy \x\ oroducing * 
' . biomass . c ' x 

* * 

MATERIALS: . Potting soil; flowerpots; lima bean^l'nd pea seeds; 
scale- for weighing 



ACTIVITY I, 




1. Involve two ox three groups of students in a 
prpject to determine the gain in weight (mass) 
that, occurs when a plant is grown fro'm a seed. 



2. • Weigh carefully the amount of dry potting soil 
^ necessary to fill a flowerpot- * Moisten the soil 
and plant a small seed such as a lima bean or pea 
which "has been weighed parefully by the teacher. 
■ Record the weight on a chart which will be used 
for the entire class. Have the chart up in the 
yv room N f or the students to see. 



3. 



Place the flowerpot on a windowsill in the 
classroom where it will receive available sunlight, 
water as needed, c&d permit to grow for several 
' weeks. Each group may keep an observation sheet* * 
showing the day-to-day progress of the seed. The 
time and date toay also be recorded. 

4. Renove the plant and as many roots of the pfcant 
as possible from the .soil being careful tc5 save 
the soil since all soil used in the project 
should be dried and r'eweighed tor ascertain the 
loss, if any, trom the original starting material. 

«^ 

5. Dry the plant and roots thoroughly and weigh. 
Record the dry weight on the class chart. • • • ■ 

6 . Discuss questions : 



a. 

b. 

c. 
d. 
e . 

f . 



How does the weight of the plant grown com- 
pare to the weight of the original seed? 
How does the weight of the plant compare with 
the change of weight in the soil? 
From where did the gain in weight come? 
How important was sunlight in this experiment? 
Could the dried plant be burned to "produce 
energy? 

From where did that energy come? 
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The astronauts used solar energy a« a primary m 
sQurce.of energy in the Skylab. The energy is 
.provided by a conversion of the sun's energy 
to electric enerqy. This source has been sug- 
gested as an energy substitute for gasoline. to 
provide % power to run cars. <What are Soirte of 
the problems which would occur if cars used 
solar energy? How could these problems be 
solved? . 



- % 

Havev'the students design a car or a house 
utilizing sola^r energy as the main source of 
power. Is it technically* possible?^ Economically 
feasible? ' c 



As a class project, ~build a fully-functioning wind 
mill* and show the variety of uses the source of 
energy, can provide and determine the limitations 
of the windmill. 



Among the few renewable energy resources is wood; 
however, abuse oould quickly make it nonrenewable. 
To prevent a total loss ^cTf wood both as an energy 
source and for building,* public policy has re- 
quired that national forests be harvested so that, 
the* forests can* be renewed. People have not al- 
ways followed this policy. Have students attempt 
to discover which ancient and modern civilizations 
lost their forest resources. Discuss how the re- 
newal c?f forest resources either helps or hinders 
individuals and societies. 



Have the students investigate all possibilities 
of getting energy from the oceans. Describe 
the limitations, and advantages of Ocean Thermal* 
Energy Conversion (OTEC) , tidal powe*^ and wave 
power &s sources of energy. 



HaVe the students research the- history of the 
fossil fuels from their original discovery; 
thrpugh the early means of recovery; changes 
in^ technology which caused changes in the 
mining, refining, and transporting of the 
fossil fuels; changes in demand and* technolog 
which increased the demand fpr fuel; changing 



status Of workers;, etc. 



r 
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TITLE:' A SQLAR FARM 

t 

AREA: Science, Mathematics , Art, 'Social Studies, Language 

Arts 

OBJECTIVE: discover the relationship between direct solar * 

c . energy fend people's use of it. 

MATERIALS: Listed in activity v 

ACTIVITY: 1. Ask the students to suggest words that describe 

a farm. Wpite them in columns on the chalkboard 
as fast as you hear them. Make it a game to go 
faster than they do. . . 

# 

2. Read in the Meinel Book"^ "Power For .Tjie People, 11 
or iff the NSTA Source Book about the Meinel 
proposal to build a huge solar "farm" in the * 

' southwestern U.S . 

\ 

3. Investigate * the cycle for capturing the sun's 
enSz'gy and ,using it. (Trap solar radiation 

in collectors; pump heat to a central power plant; 
generate steam; and produce electricity with steam 
turbines . ) • 

4. % Describe the "rows" on the farm. (Rows of 

solar collectors with mirrors to focus sunlight 
on black pipes filled^with liquid sodium to 
carry the hefat. The whole collector is enqlosed 
in a transparent vacuum half cylinder.) 
J 

5. Ask: 11 what is the crop?" (Heat - temperature as 
high as 1000 degrees Fahrenheit.) 

\ 

6. Ask: "What happens on cloudy days? 11 (Heated 
sodium; flows to a* storage tank- which could hold* 
heat ,for a few days and continue to generate 

" electricity. ) 

7. Investigate how much electricity could be produced— 
on a solar farm. (A farm, of 10,000 square 

miles, 100 miles on a. side, could produce half 
of the nation's need for electricity in the year 
2000 according to Meinel.) 

8..*Ask: "isn't that a lot of land to use?" (Yes, 

but in the southwestern U.S., 10,000 square miles • 
is only a tiny, fractipn of the area of relatively 
unused desert.) 

9. How does the efficiency o"f« a solar farm compare 
with the efficiency of a standard electric 
generating plant? (Both operate about 30% ef- 
ficiency", but after/the initial installation of 
the solar coll^c^j^^ equipment, fuel is free.) 

82. 



Extending the lesso n - * 

, • !• Draw a picture or diagram of a solar farm, 

2^ Discuss this use of direct solar energy by people 

\3. Ask: "what could a development .like the solar 

farm proposed by the Melnel mean for the future?" 
♦(Cheap, plentiful electricity, although there; - 
m j would stiLl be a great loss in transmission o.f 

• / electricity if all the solar farms for the U.S. 
! were located in the southwestern U.S\),/ 

* 4. Debate whether or not it would be feasible tb set 

asid£ 10,000 square miles of Louisiana land to 
build a solar farm,. (Would it be as good to use 
land for citrus farming?) 

5. Start a class energy vocabulary list . 

6. Write an augumentive essay, p/o or con, on the 
"feasibility of such a farm in Louisiana, 

-7. ^Coits^truct a model of a jsolar farm. 




TITLE: 
AREA: 



MOVING AIR " 

Science, Social Studies, History, English, Art, 
Music 



OBJECTIVE: To discover the relationship between solar 'energy 
'and moving air. > 

— > \ MATERIALS: Listed in activity 

ACTIVITY: 1. Complete the following sentence: Win<4 is 



r/~ r 




2. Write thenvords used , by the students on the 
.chalkboard as fast as you can, no matter how un- 
likely they may sound- to you. . , 

3. - From the class lisj^of words, develop a list 
of opposite words which can be used to describe 
movingykir. (For example, hot-cold; .good-bad; 
fickle-steady; reliable-unpredictable; gentle- 

* violent; etc . ) • ' 

4. Ask: "What do most of the words tell .us .about 
what wind is?" (Moving, air ) ' l ' 

5. Investigate the^atftosphere around the earth as 
a giant heat machine ' (engine) moved by solar 
radiatiOTT. (The rays of the sun, stronger near 
.the Equator than in the polar regions, cayse, 
tropical- air to warm and rise, while cooler polar 
air moves in to replace it.) 

\ * . ' * ' • r 

\ 6. \ Discuss the effect of the earth r s rotation on ' 
;his northrsouth flow of heated air. (Air 
moving to the north - a south wind - is 
deflected toward the east J=. a SW wind; air- 
moy\ng to the south a north wind^- is deflected 
towaM kh& west = a NE ,( trade) wind.) 

£sk<: "what other" factors influence the movement 
of air?\ (Local atmospheric conditions - high 
and low pressure systems; obstructions f - mountains 
•or high buildings; and N type of surface - asphalt, 
land; or w k ater, which influence local heating 
and cooliag, 



8\ 
t 



Discus* how^a^ea freeze follows this general- 
pattern, of uneven Seating of -the earth's sur- 
face'. (Air ove* land heats and rises; colder 
air over water flows in to take its place.) 
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Extending the lesson- 



1. Investigate the historical importance of the wind 
as a source of- energy for people's use. _ 
(Moved ships; pumped water*; milled grain; etc*) 

2. Investigate the windmills invented by Marcellus 
Jacobs -of *Fort Myers, Florida to -produce elec- • 
tricity^ith a wind generator. 

3 ; Move like the kind of wind which represents each 
of the words used to describe it at the beginning 
of this lesson. *K 

4. Draw^a picture of your favorite wind> and a wj.n*d 
you are afraid of. 

5. Ask: "How do -airplanes use the wind?" (Take-off; 
landing; flight; jet stream; tail winds.) , 

6. Investigate how wind and other weather records 
are kept. 

* • 

7. See the wind graphically' on the TV satellite 
weather report each davy.' 

8. Add to the class energy vocabulary list. 

9. Create a sculpture which shows the effects of 
wind. . 



/ 



10, 



Sing songs which have wind and sun as themes - 
"Mariah" and "Sunshine" -* etcf 



11 . Write original poems with the wind and/or sun 
as themes . 7 

12_. % Do a slide presentation* or phonography display 
• " based around wind and/or sun and its/their 
effects. ^ * \ 

13. Compose an original song based* on themes of 
wind andXpr sun. 
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TITLE: 
AREA : • 
OBJECTIVE: 



SOLAR ELECTRICITY 
Science 



To discover the relationship betwe'en the. sun's energy 
and its use for power. 



MATERIALS: Liste'd in activity 



ACTIVITY: 1, 



V 



3. 



— - 1 



1. 



Without the development of solar cells for *' • 
.power, the space vehicles and satellites could 
not have been operated. what are solar cells'? 
(Tiny slices — wafers — of silicon, about; 1% inches 
square and only a .-^V thousandths of an inch* thick.) 

Solar cells are called "photovoltaic cells. * What 
does .photovoltaic mean? (Photo = ligKt; voltaic =» 
electricity; named^after Alessandro Vo^ta.) 

How does a solar cell produce electricity? (The 
silicon wafer is coated with boron to produce a 
positive electric, layer; this interacts wi\tl) the 
negatively-charged silicon. When photons in 
sunlight strike the 'silicon cell, they are con- 
verted to electrons which flow to the boron. layer, * 
causing a flow of direct current (electricity)). ' 

Why are solar^ cells so expensive? (Skilled hand 
la^bcr in growing and cutting silicon . crystals ; 
more energy used to manufacture cells .than they* 
can- produce . ) 

Ask: "is there any^hope for solar ,cel-ls for use 
in power plants?" (Mass production of wafers from 
ribbons of silicon slices made in a machine looks ' 
promising . ) . 

Investigate proposals of Dr.* Peter Glaser for 
development of solar power jslant^ in space. 

Why are environmentalists ^concerned .about the' 
Glaser proposal? (Proposes to^ beam microwave 
electricity back>to earth receiver; could act as a ^ 
death ray, ) * , 



Extending the lessor 



Investigate pdssible development of solar power 
plants on.e'arth. (For'the immediate- future 7 \ it 
looks like a choice of nuclear and coal for \fuel, 
until the various solar technologies can be ^ade 
economically feasible . ) 
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Ask: "Why would* a solar cell power plant be. 
more efficient in space?" (Could 'be positioned 
to receive sun^s rays 24 hours a day; no loss 
of solar radiation by reflection from clouds 
and atmosphere.) 
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TITLE: 
Aj*EA: *> 
OBJECTIVE: 

MATERIALS : 
ACTIVITY: 




A CLQTHES "POLE" 

Science, Home Economics <> . 

To discover the relationship between solar energy 
and the evaporation or water. 

Listed in activity 

v * 

1. Survey the class to determine use cif appliances 
for washing and drying clothes. Ask: How many 
of * you are wearing clothes that were washed arrd 
dried without using any appliances? m 

2. Determine what articles of .clothing are most 
apt to be washed by hand and hung^yp to dry. 

Ask: "How many have an>6utdoor clothesline or dryer? 

The U'.S. Department_of Energy estimates that the 
average owner of an electric clothes dryer uses 1000 
•kilowatt^hours of electric power per year. Cal- » 
culate how many kilowatt-hours of electric power 
are used by the, homes of class members ,. using 
the DOE's jayerage rate. ' 



How much would this cost at $4.00 per kilowatt- 
hour? % t ^ 

From local weather records, determine the number ^ 
of d^ys on which clothes could hdVe been dried 
outdoors ,in your^ community last year. 

How much energy could be saved if all the people, 
in your ^community, hung their clothes- out to dry? 
(Number of homes times 100*0 kilowatt-hours per 
year*) * 1 ' . 

Conduct a "clothes pole" (poll) of your neighbor- 
hood to find out how many homes have dryers. and how 
many have outdoor cJLotheslines . 

Ask: "Is there any evidence that the number of 
outside clotheslines is changing? 11 



Extending the lesson 



A- 



1. Survey radio and TV advertisements for detergents, 
How many emphasize the "clean, fresh smell of the 
outdoors" which is lost by ullng an" electric or 
gas^j^yer? / 

2. Investigate why Monday was always washday. 
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3.. Discuses the .relationship between ,the increase in 
use of clothes dryers, air pollution, and urban- 
ization,, 

4, Investigate* 'the water pollution problems asso- 
ci-ated\vfOth the use of detergents, 

i 

5, / Ask: /M, Should the use of clothes dryers be banned 

£0 save electricity or "gas?" Discuss, the pros and 
cons • ' 

f 

6. Ask: "Is inhere another appliance that your family 
. would rather give up than your clothes* dryer?" 

\ ? 

7. List the appliances in the order in which the 

members pf the class would give them up in the 
event of a serious energy shortage. 
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TITLE: - 
AREA : " 
OBJECTIVE; 

MATERIALS : 
ACTIVITY: 



SOLAR ENERGY FOR POWER 
Science , History 

To discover the relationship between energy and 
power . f . 

Listed in activity 



1, 



T>he day before starting this lesson, ask each 
student to bring in a small mirror and a 
magnifying glass, 

i 

Take the students outside to the school yard, 
{ Have them try to focus the rays of "the sun~bn. 
la small piece of pape£ placed on a sidewalk or , 
other bare area. - (Bring a small container of 
water to wet the area around the paper.) Students 
should have no trouble burning a hole in the paper, 
They have used solar energy to do'the^work. 



Next, set up a piece of paper vertically betv/een ' 
v the sun and the class,. Ask the students to use 
their mirrors to focus the sun's rays on the 
piece of paper from. their position, (They will 
have to move forv/ard or backward to do this,) 

4. After they have -focused their mirrors, have them 
try to foci\s on a central spot to burn a hole in 
the paper. 

5. 4 Have each student measure and record tlie distance 

from the mirror to the paper, (Are they ^11 the 
. same distance?) 

6. According t;o the Greek historian Galen, the Greek 

* scientist' Archimedes used solar reflecting, mirrors 

* (bronze shields) to set fife to the Roman fleet 
besieging* the City of Syracuse in 212 B,C, ^by 
focusing the sun's rays on their black sails. On 

* the basis of their own experience, do the students 
think this was possible? 

7. * Ask one of the students to -investigate and report 

* on the solar system engine bu^t by the French 
, scientist Augustin Mouchet in the *1860s. 

8. Do the same the work of the. Swedish-American 
:John Ericson in the development of solar engines, 

9. Investigate the research of Frank Shuman in 
Pennsylvania and his development of the Sun Power. 
Company in 1908. 
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Compare the operation of tfce Stm Furnace in tfie. 
French Pyre/iess (Felix Trombe) to" the experience 
with mirrors the students had at the beginning of 
this lesson, ^ 

Investigate the use of solar power for desalting, 
water* . t ^ 

Ask:' How did the discovery of oil in Pennsylvania, 
affect the development of solar power?" (Oil was- a 
much cheaper, source of. power, so research was al- 
most halted until 1973, ) 

Ask: "How have the <times made water desalinization 
important?" (Because of water shortages and pollution 

Investigate how the solar power 'research of Dr. 
Robert Goddard led to his invention of the rocket • 
engine. 



. 113 

91 



TITLE: 
AREA: 



BROTHER SUN > 

History, Science, Language Arts/ Music,- Art 



OBJECTIVE: To discover, the relationship between people and 
the sun throughout the ages^j. 



MATERIALS 
ACTIVITY: 



Listed, in activity 

» * 

1^. Read to the class the song to the sun written 
by St, Francis of A^ssisi in 1224 : 

Praise to' you, my Master, for all your creatines, 
Foremost for lordly Brother Sun 

Who Rights our daytime for us. ' * 

He is a beautiful thing who spreads ,for a great 

splendor', t 
Of You Host High, he is the visible emblem. 

2. Ask: "Why have people through the ages felt such 
strong emotions when they contemplated the wonders 
of the sun?" 

3. Ask the students to comment on Henry Thoreau's - 
comparison of daybreak and the raising of the sun 
with spiritual awakening. 

4. Write a new verse to the John Denver song 
"Sunshine." . 

* 

5. Find two or more authoj^s who have written abt^ut 
sun power and compare their descriptions of the 
sun. 

Write a poem which expresses ^our feeling about 
the sun. 

Investigate Inca worship of the sun. * 

Find pictures pf the Inca temples to the sun 
"Father. " ■ < k f . 

9. Find "Sun Fathers" in other cultures. 

10. ^ Investigate how the culture of the Sipux Indians 

v looked beyond the power of the sun to the Respon- 
sibility of people to use ' it wi'sely. 

11. Comment on how well we have heeded the adVice of 
the Siouxi 



6. 

7, 
8. 



12. Investigate the device known as the "Camera 

Obscura," the dark room prototype of the camera, 



ft 4 
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Read the following passage from the Papago Indian' 

ceremony to the sun; * ♦ 

In thp east is the house of the sun. 

Up over the top of his roof-bean 

The sun climbs and journeys 

Over the heads of us 

Who make our journey belcw him. 

I stretch my right hand' sunward, ' 
Then trace upon my body 
The ritual sign, 

(This ritual, called a "ciwiltkona, ,f is performed 
by dancers who believe that they recharge them- 
selves with the sun's energy as they circle a 1 
sand painting / of the sun.) * * 



/ 
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STAB POWER 




The sun's .energy is used tc^ do much work which we take for 
granted, ' The heating of the atmosphere by the sun results in 
temperature differences in the air, creating winds which are 
responsible for our weather and climate • ;rhe circulation of rain 
and water, kno^jlas the hydrologic cycle, is powered by solar 
energy. Visible light is used by plants to manufacture fo6d on * 
which all life, directly or indirectly, depends. 

Solar energy is ^lso increasingly "being considered as an 
alternative source of energy for generating electricity,, heating 
homes and water, and~~cooling. The energy of the sun is virtually 
limitless. It will last nearly as long as the sun shines. 

- • But there are some interesting problems in converting solar 
energy into' forms which people find useful. Solar energy " is dilute 
and needs to be collected and concentrated. .Solar collectors for 
a large capacity generating facility require a large collecting 
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area. Solar energy is also interrupted by clouds (unpredictable) 
and the daily rational cycle (predictable) of .the earth. In or-der 
to ensure a dependable supply, the energy captured by collectors 
must be stored or supplemented by other energy back-up systems. 

We already make use 5 of solar energy in our homes. It enters 
through, our windows and adds heat in both the summer and winter. 
The exclusive use of solar energy to heat homes is "not economical 
at present, and jnost present-day systems require furnaces for sup- 
plemental heating in homes equipped with solar' energy panels. - 

One of the things we need to do is better. understand solar 
energy. What is it? What are the ways that it can be used both 
as an. enhancer and as. an extender of our present fuel systems? 

In using solar energy there are three primary considerations: 
1) the .energy must be collected ' and concentrated 2) the energy must 
be stored, and 31 the energy must be transferred and distributed. 

One .way to learn more abttu^t solar energy is £rom a solar^ 
heat collector. A solar collector is a sealed *cont$iner with an 
integral dull' black surface and a cover of glass or otfier trans- 
parent jnaterial. Solar heat collectors are"'very t similar to green-* 
houses or closed cars on hot d^ys in the way 'that th£y work. 

Sunlight (short lightwave radiation) parses easily 'through 
glass. It is converted into* longwave radiation 6t s heat. Because 

both the greenhouse and the cai: hie closed to air circulation/ 

. v j 

little heat is lost through 'convection . r In addition, g^Lass is 
also notr^i good • heat conductor of^ longwave j radiation. Both the 
greenhouse and the car stay warm* 
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TITLE: COLLECTING STAR POWER 

AREA: Science 



* OBJECTIVES: To form hypotheses regarding the collection of solar 

* energy; to desrigjv experiments to test these Hypotheses ; 

to collect arid analyze da^ from these experiments. 



4 



MATERIALS: Boxes of assorted -Sizes and shapes (shoe, cigar, 

shirt , etc. ),\ flat paints ; 'poster ffaper in assorted m . 
colors; window glass ;_clear plastic wrap; black 
plastic sheeting; candy and/or regular thermometers; 
glazing compound; modeling clay; graph paper; alumi- 
num foil; scissors; fiberglass,, vermiculite, mineral 
wool , cellulose insulation; wrapping and/or masking 
t&pe; corrugated, cardboard; white* glue; packaging 
materials of styrofoam beads or elbows; egg .cartons; 
stones; gtfavel ariB sand, ( CAUTION: WEAR GLOVES WHEN 
. HANDLING FIBERGLASS AND MINERAL .WOOL INSULATION.) 

i 

- ACTIVITY: 1. Student should read and'discuss the accompanying 
\ handout on "Star Power," then do the following 

investigative activities,, 

2. After yo^i take the temperature inside an empty 
box, f place tl^e box in/a f sunny window. After t lye- 
box has -b3en there for a while take the tempera- 
ture again*. Share the temperature information 
with your class. Challenge your students to im- 
prove upon the design of the box. Be sure you have 
a variety 6f materials ( available for them to work 

Iwithu Students are to' do tKese things: 
| 

a. raise 1 the temperature of th.e ait inside the 
box; * 

b. retain tfc<* heat , collected in the box; 

c. construct an observation sheet iand record 
measurements they take/ They should record 

" temperatures and times until the temperature 

stops "risintf in the box they construct. They 
should also be able to -show that they were 

able to* retain the heat colltfcte,d. 

/ > - 

4 

3. Have students paint the inside of the box with a * 
~> ■ -flat black paint. .After ±he paint is dry, a ther- 
mometer is placed in, the box. Tape the therm'dfa- 

eter down but' v be sure that it. is lbcated so that 
the -temperature . <?an be read. M y 

* * ' f ' 

^, < ' % If you do not have enough ' thermometers fGf their' 
t - *. class, have students build a sntall 'door on on<=K 

side„of tlje solar -heat collector so that the T ' 
thermometer; can 1 be^ moved f romvbne^box to another. 

: '•■ ■ ■ • ' "*• . --i" 
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Cut an opening so that the door c$n be shut after 

temperature reading is taken. A small Jtab of * 

masking tape can be used as a handle for the doorC 
• At 

Students cover the box with a piece of glass or 
plastic type food covering^ Ifthey^use glass, 
coyer the edges with masking tape'. - If^they .use a 
box which has a cover, make a hole in it that is 
a little smaller'than the' top of the box. You 
can then mount the glass window over the opening 
with masking tape.^ 

'It is important to make the seal /between the box 
and the' covering as air tight as possible; Place 
the box in the sun so that the glass fcpp faces 
the sun with a minimum of shadows inside the box. 

* ' f . 

Help your students construct an observation sheet. 
Some suggested ^measurements follow. Emphasize 
the importance of recording all pertinent observa- 
tion, y 

( K 

a. Record the temperatures and times inside and 
outside the box until the temperature inside 
the box stop§ rising. Make a gcaph of tem- 
perature agairiSfc~*£Ame. 

b. Take the box out of the sun. Kow fast does 
the temperature change? 

c. Vary the angles of the box with the^ surface 
of the ground. Take measurements when the 
box is at the horizontal t at 30 degrees, at - 
45 degrees, at 60 degrees, and at 90 degrees. 

d. Try to find out what time of day the differ- 
ences between the inside 'and the outside tern- < 
perature is the greatest. 

e. Try the collector at different times through- 
out the year. Try t\\e collector once each 
v/eek for a month. \ « 

/ 

What ai^e some of the variations In temperature 

that* are observed? 

i 

Some student questions: 

a. In what way 4oes the sun affect you? * 

b. Which passes more easily through the trans- 
parent top of the heatt collector - light or , 
heat? ^On the basis of what you did how do 
you know? 



97 - 




c. What is a solar heat collector? How do*you- 
know one whfen you see it? 

d. The sun i# the answer to the energy crisis » 
because of .the hug£ reserves of sunlight. 
Dd you agree or disagree? What are some 

of your reasons? 



Some additional investigations' 



« $ 

Try constructing a collector with two transparent 
covers . ft beacj of , clay about the thickness' of 
your finger, cap be used to separate the two pieces 

.of glass. How much better is this collector than 
single covered collectors? ( 1 

A * 
Insulate the collector. Fit it in a larger box 
and surround it with an insulating material. In 

.what way(s)' does this, improve 'the collector? 

Vary the colors used to paint the ipside surf ace 4 
of the box and note the temperature" differences . 
Which x:olor works best? What are some reasons -for - 
this? ' • 

Compare different boxes and designs with each 
other. Which one is most efficient? Which gains 
the most heat?> What are^ some reasons for this? 
Which loses 'heat most rapidly? v 

Try a solar heat collector in the winter- time on 
the school playground or on any hard surface such 
as concrete. Take measurements and record. Now try 
the same experiment but with a small snow. bank piled 
in front of the box. Does the box heat faster 
with .or without the snow? Is the firtal temperature 
higher with or without the snow? What are some 
reasons for this? 

Try different* corrugated and textured surfaces in 
th& box. Glue plastic packaging beads/elbows to 
the inside of the box and paint them. Compare tem- 
perature of collectors with pieces glued to corru- 
gated 'surfaces and smooth surfaces. Glue rocks/ 
sand inside the boxes and note temperature and heat^ 
ing differences. 
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TITLE: 



WHOSE SUN? 



A^REAS : t Drama, Government, Civics 

OBJECTIVE: */o evaluate arquments regarding the infringement 
of 6thers rights in the installation of- solar v 
collectors. • 



MATERIALS; '"Reference - "Conservation News " National Wildlife 



ACTIVITY : 



Federation* April 15 , 197 8 

Recreate this' courtroom drama in your cla 
and see if your verdict is the same 



?room 



"An Albany, New York Supreme Court .judge ruled that 
a local zoning ordinance could stop a New York 
couple from placing a solar ' heating unit in their 

. front yard* The judge failed to< yield to arguments 
that the 'couple had the right to try to conserve 
energy and choose the method they preferred for 
heating their home. His logic: suppose they had 

(Van ted to build a nuclear power plant on their front 
lawn. Instead, the adjudicator determined that the 
pair had created their own hardship by purchasing 

;the $4,000 solar heating unit and he upheld the 
Colonie Zoning' Board 1 s decision not to grant the 
necessary variance." * 
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The beginnings of the nuclear age began with Roentgen 1 
discover^ of x-rays in 1896. Bec^uqrel became interested 
and began his own "experiments , and found that uranium 
emitted "a* spontaneous energy souirce of rays. The £^ries 

) • • • 

founds that radium emitted/an even more intense radio-*' 

activity. Becquerel, the Curies, and Rutherford studied ■ 

the rays given off by radioactive substances. They. found 

» 

three different kind,s of emissions— alpha particles 
(heavy positive charges) , beta particles (electrons) , and 

gamma rays (energy rays) . "In 1905 Albert Einstein equated 

♦ - 2 

mass to energy by* the^ following equation:- .E = mc , where 

E i>B energy, m "is mass, and c is the velocity of^ lir^ht. 

This means that small amounts of mass could be converted 

,o «™ amounts^,- en ergy . In 1932 ChaawicK ^ ,' 

strated the existence of an uncharged particle, the nejutrori 

In 1934 Fermi used neutrons to bcgaibard various elements. * 

r * 

Usually the nucleus would capture the neutron, give off a, 

beta particle, and thereby change to the next heavier « 

element. When uranium was bombarded with neutrons, it tQO 

gave off a beta particle. Fermi Believed that uranium was 

behaving as the other elements, but Hahn and Strassman, in 

repeating the experiment, found that instead of a* heavier 

element being produced, two smaller elements were -formed. 

! 

The neutron had thus paused the uranium to split. a- Large - 
amounts of energy accompanied the split, because the ,smalie 
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particles and other products were not quite as heavy as the original 
uranium plus neutron. The lost mass had been turned into energy 
according to Einstein's equation. Several free neutrons are also 
for&ed, which can gq on to split other uranium atoms and thus cause a 
chain reaction. " 




t Uranium occurs in nature principally in two isotopes — 
U-235 (less than 1%) , and U-238 (99%) . Of these two isotopes 
only U-235 will split (is fissionable). 

In 1941, with the U.S. at war, President. F.D. Roosevelt 
decided to commit the U.S. to construction of atomic weapons, 
using the large amount of energy produced in fission for bombs. 
The secret Manhattan project produced the first controlled 
chain reaction at the University of Chicago in 19 f2, and in" 
1945 the first nuclear bomb was set off In New Mexico. Three 
weeks later, nuclear % bombs, the most terrible weappns ever 
used, annihilated Hiroshima and Nagasaki and ended World War II. 
Nuclear weapons produced not only a gigantic explosion, ±>ut 
also tremendous heat,, and covered the entire area with danger- 
ously radioactive materials. 

Nuclear bombs. use pure U-235, allowing the chain reaction 
to go on uncontrolled. TJhe nuclear reactor, on the other 
hand, uses only a slightly enriched mixture of U-235 and U-238 
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t 

(2%-4% U-235) , with a controlled chain reaction. - ' / 

A nuclear "reactor has the following principal parts: 1) a 

core of atomic fuel, 2) a moderator, 3) a cooling system, -4) *a 

control system, . 

A nuclear reactor must, first have fuel, which is .sli'ghtly 

I 

enriched U-235, in the form of uranium oxide. .T^is ^fuel # is held * 
in zirconium alloy tubes called assemblies, wfrich are combined 
with a moderator such, as water or graphite to make' up the core' 
of the reactor. The moderator's job is to slow down the f ast- * . ' 
moving neutrons, thus making collisions more probable. 

There are control rods of some neutron ^Bsorbing materials 

< * ■ * 

such as boron, which .can be inserted between the fuel assemblies 
to regulate the power' lev£l of the reactor • When they are , fully 
inserted into the cpre, they absorb so "many neutrons that the 
chain reaction will be stopped. / 

A circulating fluid such as*water or gas is used in the 

4 

reactor both as a coolant and as a means for transporting 
« 

heat to the boilers for steam production • 

t Surro.unding the reactor *are several shields. The reflector 
shield is meant to reflect back into the core neutrons that might 

otherwise leal$ away. In addition, there will be shielding to 

* ■ .* « 
protect operating personnel from radiation, and the entire reactor 

will be surrounded by a large concrete and steel structure, meant 

to contain radiation and thus protect the environment. ' * ■ 

The disposal -of nuclear wastes is a problem that has not 

been adequately solved* The, wastes are the decay products of 

the nuclear reactions, and are removed periodically with- the 
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insertion of new fuel. The wastes now total 600,000 callons 
in the U.S. This amount will, of qourse; become greater in 
years to come if tjie number of nuclear plants increases. The 
wastes remaifi radioactive for a$ long as thousands of. years, 
and must be carefully guarded during this period. At present, 
only temporary storage tanks are being used. In the future, 
it is hoped that the .wastes can be reprocessed, with useful 

components being removed, and the remainder of the wastes 

; 

being stored in some permanent facility. Seyeral methods being 
considered for this permanent disosal of wastes are: burying 
them in« polar caps, burying them in salt formations, sending 
them in 'rockets to orbit and eventually crash into, the sun, 
burial in the ocean in such a wa^ that the wastes will be 
carried into the earth's core by movements of the earth's plates. 
The breeder , reactor takes advantage of the fact that U-238 

can* capture neutrons* to produce Pu-239.. 

— * 

0-238 = n U-239 tNp-239 +Pu-239 

U-238 is the most abundant isotope in nature and, for the 
most par€, is left-over material in ordinary reactors* Since 
Pu-239 s ig a fissionable material, it- can'be used as a fuel. 
Only 3 small amount of fuel CU-235 or Pu-239) Xs needed to 
operate' the breeder, while extra fuel (Pu-239) is produced. 
Hence -the term "breeder reactor 11 is used. 

/The use* of the breeder reactor extends the life of our 
dwindling uranium supplies by many hundreds of years* * There 
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are, however,, some problems with the development of such 
reactors, that fiaVe delayed tl\eir acceptance into wide' usage. 
The principal problem is that of sabotage, since Pu can be* made 
into a boipb. : ^ 

t , One other tppTcTthat should be covered is the effect of 
radiation. Exposure to radiation, either from natural or man^ 
made sources, • can be harmful to living organisms in a number 
of ^ways. Effects of radiation on an organism are' classified 
broadly as -somatic effects (those occurring within the ex- 
posed organism) and genetic effects (those affecting descendants 
of the exposed organism) . An individual who is exposed to a 
large whole body dose of radiation will suffer immediate ill-: 
ness and/or death./ Most somatic effects, however, are the 
result of repeated, b^ief exposures and are manifested as higher 
incidences of cancers and leukemia. 

Some radioactive isotopes f when ingested with food, have 
the capacity of concentrating themselves in certain parts of 
the body. Strontium-90 , for example, concentrates in the 
bones, while cesium-137 concentrates in muscle tissufe and' 
iodine-131 concentrates in, the thyroid. Because of this ' 
ability, certain radioisotopes do more damage than others n 
In addition,* some radioactive isotopes^ tend to become concen- 
trated in -a food chain in such a way that animals which are 
on .the end of -the food chain receive larger doses. 

Man "is exposed to many sources of radiation. These in- 
clude occupational sources, medical sources, fs^ll-out from 
nuclear weapohs tests, and natural background radiation thqtt 
will vary from area to area/ The additional exposure suffered 

' . » • . 3 
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by the average person due to the siting of a nuclear power 

plant near his home is negligible. Only in the case of ^highly 

improbable accident at a reactor or at a fuel processing plant 

would there be any chance of a harmful exposure* of any segment 

of the public to radiation* ' 

PRICE-ANDERSON ACT . 
; — .-m . ' 

When nuclear power began to emerge as a practical means 
of power generation, the U,S. Congress faced this question: 
what is the best method of providing for damages arising frsp/ 
a nuclear accident, even 'though such- an event is extremely re- 
mote? The Price-Anderson Act evolved to answer that question* 
J-t requires a utility which operates a nuclear power plant* to 
purchase the maximum amount of liability insurance it can ob- 
tain, currently $110 million* The federal government provides 
additional insurance, up to' a total of. $560 million, to pay 
the public for damages from a nuclear accident. 'Thus the 
government currently provides $450 million in insurance. E^ach 
utility pays a premium to the government for Price-Anderson 
coverage. % 

The Price-Anderson* Act relieves all parties of liabilities 
in the event that damage from a nuclear accident shotftd exceed 
the $560 million maximum. Critics of nuclear power are quick 
to point out this provision, and say that the maximum is not 
enough. , # • 

A private* insurance *pool provides insurance on nuclear 
facilities themselves. There>is no* qovernment-backed coverage 
on nuclear facility property. 
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TYPES OF REACTORS 1 

A fuel. core ^nd control rods plus circulating water, as 
doolant and moderator, are th*e basic components of an operat$ft%^4' ^ 
nuclear energy conversion device* Also required are ways to 

i 

get this heated water to a heat engine, convert it to mechanical 
work, and 1 turn a generator. It is in the accomplishment of this ^ 
heat transfer that* differentiation between various reactor types 
takes place. In this country, at the present time/ all com- 
mercial reactors are thermal, or slow, neutron reactors. Light 
water-moderated they use enriched" uranium as* fuel*; that is, 

uranism in whikh the amount of -U-235 has been enhanced by three. 

i 

to four "times its natural abundance * r There are two basic types now 
in use: the boiling water reactors, BWR, and the pressurized 

\ 

water reactors, PWR. Generically these are the «light water 
reactors, LWR. 

PWR: The pressurized water reactor contains, as 
the name suggests, „water under very high .pressure, as high as 
2,Q00 pounds per square inch* There are, in fact, two separate 
water circulation systems, and it is the high-pressure system that 
is 'in contact with the reactor core-. At such high pressures water 
does not boil at the normal 212°F and , ^Iheref ore , it remains a 
liquid at' the 600°F it reaches in the reactor core., This heat 
energy is then transferred through a "heat exchange" to the 
second circulating system of low pressure watejf in which it pro- 
duces steam to drive the steam turbine . 

From the turbine on, the operating machinery is basically 

th£ same as in a fossil fuel plant. In particular there is still 

"* * 
need for a third water circulating system to condense the steam 
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back to water, Iri contrast to the first tw<p systems, whicfi are 

■ ' v t 

esentially closed, , this last one is open and connected to a body 
of water or a cooling tower * 

In the PWR it is easier to contain the radioactive materials 
that inevitably leak through the fuel rod cladding.* The first 
pressurized system is completely separated from the other parts 
of the "system and, in particular, from the turbine, ' 

The PWR reactor was the first one to be put into commercial 
service, at the Shippings£>ort , Pennsylvania, plant in , 1957. 
/It is a^o the type used in 'nuclear submarines . 

BW^j^ The' boiling water reactor has only one circulating 
water system in tah ich the water« is at lower pressure (about 
1,000 pounds per square inch) and is allowed to boil- The 
steam generated by this boiling rises to the top of the core 
region and, after passing through steam 'separators and dryers, 
is piped directly to the turbo-generators. 

Since the steam comes in* contact with the fuel rods in 
the BWR, this reacto/ could release radioactive pollutants 
to the environment* There is always some leakage of fission 
products from the rods and some water-borne impurities made 'Radio- 
active by the neutron f].ux in the core* It is thts important^ 
that the steam be tightly contained and not allowed to escape. 

The first commercial BWR^was installed at Commonwealth 
Edison *s 'Dresden, Illinois, plant in I960, 
BREEDER REACTORS . 

The reactors we have discussed so far are classified as 
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"converters" and their major purpose is to convert, the fission- 
able fuel — almost' exclusively (^235 — into enfergy. Although 
the energy these reactors produce,, per ton of fuel, is quite 
'Impressive when compared witl) fossil fuel plants — less than 200 
tons of uranium per year for a 1,000 Mw rector as against 2 
million tons of coal for a coal-fired plant of the same capacity f 
there are not many ^thousands of tons of uranism around* It was 
natural, from the beginning of v the nuclear age, to look for other 
fissionable fuels. 

What is ^required to make a nucleus fissionable by slow 
neutrons is.? particular structure*. It has to have, so to speak, 
a hole for a neutron to 'fall into so that the' probability of 
neutron capture will be high- and a sufficient amount ofi energy 
will be released. , U-235 is the only naturally occurring nucleus 
which has that structure. 

There are two artificial isotope's, U-2-33 and Pu-239, that 
can be created in neutron reactions. U-^33 is produced by 
the neutron bombardment of Th-232 Cthorium) . Pu-239 is, produced 
in the same way from U-238- Since- thorium is actually a little 
more plentiful than uranium, arid U^238 has been, so far, con- 
sidered a waste material, the addition of these two elements 
promises to greatly extend fche supply af fissionable fuels* 

In order to "breed" fuel^ to produce more fuel by these 
reactions than is used in the c/ore, *there must be rnQre than two 
neutrons per fission available.' ^One of these sustains the chain 



reaction and the 'other is used to convert U-238 or Th-2'32^ The 
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the ratio of the amount of, fossil fuel produced to that used 
up. A second measure of importance is the ''doubling time, "/the 
^ti'me it will take for a breeder reactor to produce enough fuel 
to run a second reactor,' ' 

There are two types of breeder reactors: the thermal 
breeder reactor ,\hi'ch uses slow neutron's, and the fast breede 
which uses more energetic neutrons. The thermal breeder works 
with Th-232 as fuel and the fast breeder with U-238, Most of 
the present research and development effort is going into the 
fast breeder. 
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PRESSURIZED WATER REACTOR 




THREE MILE ISLAND NUCLEAR GENERATING STATION 

a 

ENVIR^NMENTAL_IMPACT_OF ELECTRICAL POWER GENERATION- NUCLEAR 
AND FOSSIL s" ^-tt^fltl 

' * \ * 

The transfer of he a t> from the reactor to the steam generators 

produces tremendous quantities of high-pressure steam* In the 

» 

turbine building, the steam bLasts aqainst turbine- blades . turning 
the huq^e turbines^WOO revolutions per minute (30 tu.rns per second) 
The connectinq shaft of the qenerator rota.tes a coil of wires 
within a maqnet and electricity flows. Transformers in the 
substation step up the voltaqe for lonq distance transmission. 

Havinq used up much of its enerqy in turninq the turbines, 
the now low-pressure steam is condensed to liquid form and sent 
back to the steam generator for re-use. The water which cools 
the steam becomes warm and is sent to the cooling tower.. Trickling 
down over what seems to be thousands of Venetian blinds, a small 
percentage of the water evaporates, cooling the remainder. The 
purpose of the huqe tower is to wuse a draft which will aid in 
the evaporation and carry the heat high into the atmosphere where' 
it dissipates. The cooled water can then be recycled to the 
condenser to cool more steam. / 
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Three Mile Island Nuclear Generating Station 




Containment Structure 
Containment Enclosure 
She] ] 

Containment Bui Iding 

Crane 
Reactor Vessel 
Control Rod Machinery 
Reactor Coolant Pipes 
Pressur izer 
Reactor Coolant Pump 
Steam Generators 
Ma in Steam L ines 
Borated Water Tank 
Fuel Handl ing Bui lding 
Spent Fuel Storage* Poo 1 4 
Fuel Manipulation Crane, 

Platform Bridge & Hoist 
Fuel Shipping Area 
Turbine Bui lding * 
Main Steam Piping 
HTgh Pressure Turbine 
Moisture Separator 
Low Pressure Turbines 
Electrical Generator 
Electrical Substation 
High Voltage Transmission 
Lines 

24. Cpndenser 

25. - tooling Water Loop 

26 . Cool ing Tower 

27. Watersphere ^(For Filtered 
Water and Fire Service). 



4. 
5. 
6. 
7. 
8. 

9. 
10, 
1 1 . 
12, 

13, 

15. 
16. 
17. 
18.. 

19. 
20. 
21. 

22. 
*23. 
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LIQUID METAL FAST BREEDER REACTOR 




REACTOR 



FUEL 
REGION 
BLANKET 



SODIUM FLOW 

PRIMARY 

HEAT EXCHANGER COOLANT 

PUMP 



CONDENSATE PUMP 
FEEDWATER HEATER 



If** 



i iliii 



> 



TRANSFORMER 



' SODIUM 
INTERMEDIATE. 
LOOP 
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NU CLEAR FUSION . 

Nuclear fusion is the fusing of hydrogen ions at very high 
temperatures to form the heavier element helium. Mass is lost ' 
during this process hnd is changed into enormous quantities 
of energy by Einstein's formula, E = mc 2 .^This energy could 
then be used to produce electricity. The energy of the sun 
comes from this process where 40 billion tons of hydrogen are 
fused- per minute. \ , 

\ Hydrogen occurs largely in nature as light hydrogen (H 1 ) , • 

heavy hydrogen or deufcerium (H ) , arfd tritium that can be used 
, in the ^controlled fusion reaction. The best source of deuterium 
.is sea water, but tritium must be manufactured from lithium, v 
since the amount of it found in nature is too small, ^Lithium is 
fairly abundant in 'the earth * s crust, and sea water is abundant, 
so that there is suf f icient'fuel for fusion to last for hundreds 
of year-s. If- the reaction can be made to occur using only 
deuterium, there will* be sufficient fuel for thoasands of years. 

In addition to the abundance' of fuel, fusion has other ad- 
vantages. The radioactive by-products are much fewer in number 
.than those c^fission reactions. In addition, the reaction does 
not need to be controlled as 'does a' fission reaction because 
there is no chain reaction involved. ' ? 

•fjowever, there are stringent conditions that must be met 
before fusion can take pl ace, an d so far research has not com- 



pletely provided these conditions. Temperatures near 100-million 
degrees must be reached- at high enough density and for a long 
eritmgh period of time for a reaction to occur. . 



'Many technical problems must be overcome before any of 

h 

these processes are workable, let alone being scaled up for 
commercial usaqp. At this point in time, more energy is being 
put into the react ion -than is being produced. Optimists 
predict a break-through in the 1980s,, but most scientists feel 
that success will be at lea§t several decades in the future, 

NUCLEAR FISSION , * 



Composition/ 
S Origin 


Uranium gnd thorium ores 


Location 


* 

\ Ores are found in 'Colorado 
Basin, Canada, South Africa, 
Zaire , Lndia, 


• ■* « 

Extraction/ 
Conversion 

\ 

e' 

- / 

* 


Chemical processing concentrates 
, ore; enrichment of desired Iso- 
> topes by physical means, e.g., 
^gaseous diffusion. ,In nuclear 
Reaction, nuclei of heavy atoms, 
"of ''fissionable 1 ' isotope are 
bombarded by neutrons causing 

• nuclei to split, converting x the 
matter to great quantities of 

* -.heat. Fission of one atom re- 
leases neutrons causing a chain 

reaction, splitting other atoms 
; in a controlled process. Turns 
Water to steam to drive turbines 
and produce electricity. 

*\ 


Uses : 


v 

\ 

100% -electrical generation- 



* SOURCE 



Nuclear Fission 
(breeder • 
reactor) 



> 



Thermonuclear 
Fusion 



H 

CO 



HOW CONVERTED 



) 



COMMENT 



Uses U-235 as "starter" to bombard 
Surrounding atoms of nonfission- 
able^U-238 and convert it to Plu- 
tonium 239 which is fissionable, 
"creating" rhore starter. 



Fusion of atoms of hydrogen to 
form heavier aJ:oms of helium 
under extremely high tempera- 
tures .(100 million degrees C) 
in^a controlled reaction (as, 
opposed to the uncontrolled 
fusion reaction of a hydrogen 
bomb . ) 



Uses less scarce U-23 
light-water reactors, 
tonium is produced di 
light-water reactors; 
liquid sodium (diffic 
Possibility of accide 
during transportation 
of a concern with plu 
uranium. Technologic 



5 than present 

Some plu- 
rectly in 
is cooled by 
ult to handle) . 
nt, especially 

of wastes, more 
tonium than with 
al difficulties. 



Hydrogen is very abundant. Ordinary 
seawater could be used as source of 
f^l^-Very efficient reaction, Re- 

fses only small amounts of radio- 
activity. However, it is technolog- 
ically very difficult to achieve a 
-controlled reaction at present levels 
of technology and knowledge. 
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LEVEL: 
OBJECTIVE: 

MATERIALS: 
ACTIVITY: 
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THE NUCLEAR REACTOR • • * 
Science 

.Jo develop an understanding* of the nuclear' reactor 
and its potential for prtfas^cing electripifey. 

Library and ■ research, skills ^nd materials 

The nuclear reactor is a device for the controlled 
fission of a- fuej (uranium and* thorium) . k Nuclear 
fission ocours^when heavy atoms, on being struck 
in the riqht way by a subatomic particle called 
a neutron, split .into two or more fragments and 
release energy in the process. 

Kave students conduct library research and contact 
organizations td learn about the operation of a 
nuclear reactor ^nd its potential use in' the future 
Students should qbtain answers to the following 
guest ions. \^ 



♦A 



1. 



2. 



3 . 



What are 'the components of the nuclear, reactor 
system? How does the system operate? 

How .efficient is the nuclear power plant in 
comparison to the fossil-fueled- plant? 

Does nuclear energy compete economically with 
other 'forms of energy? ■ . 



5. 



6. 



4. WJiat are the most serious dangers involved in 
the production of nirclea^r enerqy? 

What are the major kinds of safety.sy stems built 
into the nuclear power plant? * 

What is the "emergency core cooling system" in 
a nuclear reactor? Explain, 

7,* How is radioactive^ste transported, stored, 
and disposed of? * - 

How do thermal ' discharges from, the nuclear power 
, plant affect the life cycles of oquatic pl-ant and 
animal life? 
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10, 



Can we afford to bypass the construction 6f more- 
nuclear power;. plants for cleaner and safer means 
of generating electric power? Lf so, what a're 
the best alternatives to nuclear power? 

What aqency' approves the licensing of a nuclear 
power plant? * - + 
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11* How many nuclear power plants are now under 
construction in Louisiana? Where are these 
plants located? How many plants does Louisiana 
plan^ to build during the Jiext 10 years? Where 
will ..these plants be located? 

12. What- criteria does Louisiana use to select sites 
for nuclear plants?' ^ 

13. What is a nuclear park? 

14. What' is the Price-Anderson Act? .Explain. 

15* Where are known reserves of^ranium logated in 
- the United States? In other countries? How 
long* would uranium reserves in the United States 
last based upon present consumption rates? Could 
the breeder reactor greatly extend uranium sup- 
plies?_ If s6,. how? To, wfcat extent does the 
United 'States sell uraniuSpro foreign countries? 
Why is this done? Does tip United States import 
uranium? 



16. What is a nuclear reprocessing plant and ht)W does 
it function? 



CONTAC T ORGA N I Z AT IO NS': 



1-; Clinfch "|Uver Breeder Reactor Plant Project, P.O, 
Box U, , Oak, Ridge, Tennessee 37830 

2. Energy Research -and Development Administration, 
20 Masacffusetts Avenue, NW, Washington, D.C. 
20545 v . | 

3* ^ Nuclear Regulatory Commission, Washington, D,C. 
«h^2Q555 

4\ 'JTennesqee Valley Authority, 40Q Commercfe Avenue, 
"Knpxville, Tennessee 379*02 

5. East Tehnes%ee Energy Group, 1538 Highland Avenue, 
Knoxville, Tennessee 37916 ' 

6. Tennessee Energy Office, Suite 250, Capitol Hill 
Building, 7th and, Union, Nashville, Tennessee 

3:1219 _ — 

« „ * 

7. Tennessee Environmental Council, l?«(f. Box 1422, 
Nashville, Tepnessee 37202 

* - * 

8. Tennessee Friends of the Earth, Box 12489 , Nashville 
Tennessee 37212 
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9. Tennessee Citizens for Wilderness Planninq, 
no Tabor Road, OafcyUdqe, Tennessee 37830 

10. American Association for the Advancement of 
Science, 1515 Massachusetts Avenue, NW, 
Washinqton> D.C, 20036 

11. - American Nuclear Society , 244 East Ogden 

Avenue , Hinsdale, Illinois 60521 

12. Atomic Industrial Forum, Inc., 475 Park Avenue 5 
South, New York, New York 10016 .* 

13. National Interveners, 153 C. Street, SE, 
Washinqj^on , C. 20003 

14. Scientists 2, Institute for Public Information, 
49 East 53rd Street, New York, New York 10022 



FIELDTRI P SITES: r > 

1. Little Gypsy Steam Generatin^^lant , Mont2, 
Louisiana 

2. Louisiana £ower & Liqht Waterford Stream Generatinq 
Plant, Taft, Louisiana - : " 

^ '3. Gulf States Utilities River Bend, St. Francisvil le, 
Louisiana $ 

4 - Mississippi Power & Light Grand Gulf, Port Gibson, 
Mississippi 

5. Nine Mile Point Steam Generatinq Station, Westwego, 
Louisiana. 



s 
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TITLE: 
AREA: 

OBJECTIVE; 

MATERIALS ; 
ACTIVITY: 



HOW MUCH URANIUM? 

Science,. Mathematics 

To calculate the amount uranium available for 
liijht-water reactors and breeders . 



Library resources 



Give the students the data contained in Tables 1 
and 2 . 



I. 

2, 
3. 



5. 
6, 



Ask them to calculate, the amount of U^Og needed 
to keep the 1975 installed capacity operatinq 
until 2000, and 2030.. 

Can this tl 3 Q g be obtained from the reserves?* 

% How long can we keep the 1975 installed capacity, 
operating if we use reserves, probable and 
possible resources (at $30/lb . ) ? 

How much U^Og (cumulative) is required by the 
year 2000 for the mid-qrowth scenario? 

/v 

Can this be obtained from th d e reserves? y , 

How much cumulative U~0 g would be required to 
operate the installed^ 2000 capacity until the - 
year 2O30 in the mid-groWth? 

.From what reserve or resource area must this 
come? % / *-» S 

If conventional reactors us? only about 1% of 

the enerqy in uranium and -breeders use 50% of 

the energy, how lonq could the U.S. operate 

510,000 MW on the quantities of uranium in the 

(a) reserves, (b) reserves and possible and probable 

resources (at $30/lbO?" 



Teacher Notes: 

M x answers' 



1 . 25 yrs. x 9.TT* 

2. Yes 



1 yr. = 225TT 



3, Reserves + probable +.possible 
"640 + 1060 + 1270 = 2970 x TT 

4. - 1, 195 TT 

**TT = Thousand tons 



* < 
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6. 1,195 TT + 82 TT/yr. x 30 years 
365 TT r 

7. Reserves + probable + possible + 
speculative + ? 

8. 510,000 MW uses 82 TT/year for 
conventional 

or 1.64 TT for breeder (assuming 
50 times more efficient) 

a. 64 0 TT = 390 yrs. 
1.6 4 TT/yr. 

b. 640 + 1060 + 1270 = 2970 TT 

2970 TT = 1811 yrs. 

1.640 TT/yr. 



Us - 



12 3 



* to 



• TABLE 1 ' U.S. URANIUM RESOURCES (THOUSAND TONS U 0 ) 
- " , . . * - 3 8 

$/LB U 3 0 8 cutoff cost ' Reserves Probable ^m^~sp^I^U^ • Total 



10 
15 



* ' ' lln ff° 420 145 1,215 "* 

.'30 • . c An ' 655 675 " 2 90 2,050 • 

iy-product from copper ^ ' 1 '° 6 '° . 1 ' 27 ° 590 sMS 

and phosphate produc- ,- ' 

tion 1975-20.00 ' 140 • 



?^or C ado. St Janu«5l D ^76°' the Uran iu # ; Industry - 1976, ERDA ', Gr.and Junction, 



TABLE 2 ANNUAL AND CUMULATIVE f^Og REQUIREMENTS UNITED STATES 

1975-2000 (ERDA MID S cenario) 



3,700 
1- 



JUl 1930' 1985 ' 1990 



2000 



Installed Capacity . -39,0£0MW 67,000MW 145,0O0MW 250,000MW 510>000MW 

U 3 0 8 Requirements, Annual .9* , 19 36 ' 

(Thousand Tons) - y2 

' U 3°8 R ^ u irements, Cumulative 9 73 220 " 455 1,195 ' 

(Thousand Tons) » ' 1 



Source: 



1975! 'Edward J. Hanrahan, Energy Research and B evelopment Administrati on ' 

143 ' ■ - international eonterence on Uranium, Geneva, Switzerland" 

LM£ ' S , • '• . ; " * ■ .loo 



TITLE : 
AREA: 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



A LOT FOR A LITTLE _ * < . 

Science 

To describe the various kinds of nuclear reactors 
and the ways in wl\ich both U-235 and U-238 can be 
used as energy sources . 

Library, research Skills and materials 

1. Review the reaction for the light-water (converter) 
reactors** Describe the reactants and the products 

2. .Compart and contrast the^fe^o^typ^ converters 

(PWR'and BWK) . 

3. Distinguish between thi§ reaction and that of 

the breeder reactor-, Have .students list advantage 
and disadvantages of each process. 

4. Have students propos'e solutions as to what 'to do 
with nuclear ^wastes . ? 



Teacher Notes; 



Reference: National Science Teachers Association-, Energy - 
4 Environment Sourcebook , 1975* 



J 51 
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TITLE: THE ECONOMICS OF NUCLEAR VS, COAL-FIRED PLANTS 

AREA: Science, Mathematics 

OBJECTIVE: To calculate thte cost factors of nuclear versus 

cdal electrical 'generation, and explore how changes 
in the current costs will affect the future com- ■ 
. parative costs of these two*, energy sources, 

'MATERIALS: Pencil 

* • 

ACTIVITY: The following questions are exercises in calculating 
electrical generation costs: 

r 

1. In 1976 dollars, a nuclear power plant costs 
$667/KW to build. 

'a. What is the'cost of a 1,000 MW plant? 

b. If the plant has a 60% capacity factor, how 
many KWH will be generated in or/e year from 
a 1,000 MW plant? 

c* If there .is 13% capital charge/rate, what 
is the capital charge/KWH in mills? KWH? 

2. A coal power plant with scrubbers coats $555/KW 
to build r Given the same 60% capacity factor and* 
a 13% capital charge rate, what is the dapital * 

\ charge/KWH? 

\ 3. Which plant is cheaper per KWH to construct? 

J. If U^0 8 costs $3D/lb and a 1,000 MW plant 

*\ * • ^-r Operating @ 6Q% capacity uses 200 tons/yr., what 

^v'ls the cost of nuclear fuel in mills/KWH?. ' ' 

1 5* ' If coal costs, $1.08/10 6 BTU* and a 1.000 MW plant 

operating @ 60% requires 48 . 66 x 10 BTU, what 
is the cost of fuel in mills/KWH? • 

6. Which plant costs less to fuel? 



f Based on a cost of $17.00/ton and ,15/74 x 10 BTU/ton, 
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7. Better cost figures for coal and nuclear are - 
obtained by adding .operations and maintenance 
£or both £uel treatment for nuclear and trans- 

j portation far coal; Cqst mills/KWH; 

Nuclear Coal with Scrubber 

Operations & Maintenance 2.0 2.8 

Fuel * Transportation 2.0 

Conversion to US^6 ' ..1 
Enrichment v 2,0 

Fabrication 0,4 
Spent fuel, 
storage, 
disposal 0.4 

Add in the values obtained for capital charges and fuel costs 
-and compare the costs of nuclear Versus coal. 

8, The future cost of nuclear versus coal. Calcu- 
late what will happen to cost of electrical 
production with the following changes: 

a. The cost of nuclear pl&nt construction " 1 
increases to $2G67/KW when coal goes to 
$1665/KW'« 

b. The cost of U 3 0 increases to $10Q/llp. 
and coal to $2.l6/10 6 BTU. 

v d. a + b 

d. , Suppose that five years from now, 

» the cost/KWH of all costs of nuclear and 

S*\ s coal have doubled. - How expensive can U~Q 0 

^ 1 • 3 8 v 

become and still keep nuclear competitive 

with, coal? 



Teacher Notes* ; 

' . . , ANSWERS :* * la. 1MW = 1,000 KW ' 




Cost = $667 x 100JD x 1000 = 
. $667,000,000 

lb. 365 days x .24 hrs. x 1000 MW x 

1000 x .60 = 5265 x 10 6 KWH/yr. * 

lc. $667 x 'l0 6 "x .13 = $'86.71 x 10 6 yr. 

$86.71 x,10 6 yr. = $ . 0165/i(wh ' 

5256 x '10 6 KWH/yr. 

= 16.5 mills/KWH 

12i 153 



2. $555 x 1CT x .13 = $72.15 x lO^yr^ 

$72-15 x 10 6 yr. , 
J =• 13'. 7 mills/KWH 

^52*56 x 10 6 KWH/yr. 

3. „ 'Coal' with scrubber 

4. $30/lb, x 200 tons x 2000 lbs. /ton = 

$12 x 10 6 yr. 

$12< * - yr - = $.0023/KWH ^ 
* 52 56 x 10 b KWH/yr. 

.= *2. 3 mills/KWH 

5. S1.Q8/10 6 BUT x 48.66 x 10 12 BTU/yr. = 

$52.56 x 10 6 "yr. 

•$52.56 • , 

= $.010/KWH 



5256 x 10 6 KWH 



=10 mills/KWH 
' 6'. Nuclear > • • 

7, Nuclear total = 23*7 mills/KWH 

'Coal total = 28.5 mills/KWH' - - 

8a. Nuclear increase $2668 = Av 
~ ; $ 667 4X 

Capital 4 charge = 16,5 x 4 = 66* 
increase = 49*5 
<"l*gw total cost = 49 .5 x 23.7 = 73. 2 mills/KWH 

•fTCoa£ . * 

1665/$555* =(3xj. 

Capital = lirTx 3 = 41.1 mills/KWH' ' 
, increage 27.4 

• Total coal = '28.5 + 27.4 = 55.9 mills/KWH, . 

i * 

8b. Nuclea r $100 = , ,, v 

. — : — * $"30- 3 * 33x 



U 3 0 g = 2.3 mills/KWH x 3(^33 ■ 77 
« increase = 5.4 

Nuclear = "23.7 + 5.4 = 29. 1 'mills/KWH 

i 

Cqal 2*16/1*. 08 = 2x 

Coal - 10.00 mills/KWH x 2 = 20.00 
increase =10.00 

v New coal"= 28.5 * 10 = 38.5 mills/KWH 



4 
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Nuclear - J 

23,7 + 5.4 + 49.5 = 78.6 mills/KWH 
Coal - 

28.5 + 10 + 27'.4 = 65.9 mills/KWH. 
Nuclear cost - U,0_ = 21.4 

JO 

doubled =43,4 mills/KWH 
If coal doubles = 57.0 mills/KWH 

To be competitive U-0 = 57. 0 - 42.4 
< 3 8 f 

.13". 6 mills/KWH or less. 

$.015t6/KWH x 5256 x 10 6 KWH = $81199 
10 6 yr. 

A plant uses 4 x 1Q 5 lbs./yr. 

Cost: $81.99 x 10<U $205/lb . 

4 x 10 lbs. 
U 3 0g can cpst up to $205/lb. 
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r> Supplementary Activities 

SliStilS^SSIiiS ° n T th f h ma P b ^ low f loca te and try to name the nuclear power 
Plants near Louisiana. Is this a heavily concentrated region? ■ Why is this so? 



o 



\ 
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• WITH .OPERATING LICENSES 
, 0 WITH CONSTRUCTION PERMITS 

□ LIMITEd WCff^K AUTHORIZATIONS * 
. A ON ORDER 



Nuclear power plants' operable, under construction or proposed at the beginning of 1978 
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TITLE: 
AREA: 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



BIOLOGICAL AND ECOLOGICAL EFFECTS OF RADJATION 
S v ciencp r , Mathematics „ • ^ 

To calculate the amount of radiation in his/her own 
environment, * > ' » 

Library, research skills , • 

1. Review radiation effects as distussed in the 
introduction to this Unit on nuclear energy. 

2. Discuss the four kinds of nuglea^r radiation 'as 
depicted in the accompanying master. 

3. Using the accompanying student' activity sheet, 
have each student compute his own radia-tion 

^dosage. 

4\ -Plan a class discussion or assign a written 
composition on the following questions: 

\ a. How Largte a part does radiation from— a — 

nuclear .power plant play in your radiation 
dosage? 

b. If you were qoing to be a nuclear engineer 
and work in a nuclear plant>^*how would you 
adjust your lifestyle so as fio keep your 
dosage about 200 mrem? ■< 



If three nuclear power plants were to be 
built in Louisiana, whet'e would you place 
them to minimize radiation dosage for all 
Loi!isianiaps? ■ * 

* 

Is the radiation from a nucleair power plant 
harmful? 

What are some ways in which people working , 
in radiation areas, such as x-ray technicians 
nuclear engineers, arid radiation biologists, 
protect themselb^§_ from . -radiation exposure? 

What are some of N the important uses of radia- 
tion in- agriculture? 



Teacher Notes: 



ANSWERS : 4a. 

4b. 



Very small 

Build your house out of wood. Avoid 
unnecessary. x-rays, etc. 
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4c. 



As far apart as possible. 



4d. The nuclear proponent would probably 
say that the amount of radiation fr,om 
a plant is so small compared to back- 
ground or other man-made Radiation that 
it is negligible. The nuclear opponent 
would counter by saying that any ad- 
ditional radiation is harmful — even very 
small quantities. 

4e. Shields, remote handling, cleanliness, 
0 dosimeters (film badges) 

« 

4f. Control of insects through sterilization 
of males, causing mutations in plants, 
preserving food c stimulating plant growth, 
as a tracer in ptiysiology^ studies . 



Note: 



Several excellent films are available regarding the effects of 
radiation on the environment. Teachers should 'contact the vendors" % 
of free loan films listed in free and inexpensive resources. to ob- 
tain information* 



TITLE: 
AREA : 

OBJECTIVE: 
MATERIALS: 
ACTIVITY: 



COMPUTE YOUR OWN RADIATION, DOSAGE 
Science, Mathematics, Health - 
To compute radiation dosage 



Listed in activity • , 

\ 4 

We live in a radioactive world.. Radiation v is* alt 
about, us and is part of our natural environment^ 
By filling out this form, you will get an idea of 
the amount you are exposed to every year.. 



WHERE YOU 
LIVE 



WHAT YOU 
EAT, DRINK 
& BREATHE 

HOW YOU ' 
LIVE 



HOW CLOSE 
YOU LIVE 
TO A 

NUCLEAR 
PLANT 



Common Source of Radiation 



-Location* Cosmic radiation at sea level 
Add 1 for every 100 feet of elevation 

Typical elevations- Pittsburgh 1200; Minneapolis 8T5. Atlanta 1050; 
Las Vegas 2000; Denver 5280; St Louis455; Salt Lake City 4400; 
Dallas 435; Bangor 20. Spokane 1890; Chicago 595. 
(Coastal cities are assumed to be zero, or sea level). 



House construction (% time factor): Wood 35. Concrete 45* 
Brick 45. Stone 50. 



Ground: time factor)-U.S. Average 



Water. Food, and Air 



: U.S. Av^ 



age 



Jet Airplanes: Number of 6000-mile flights . 



_x4 



Television viewing: 
, Black and white • 
.Color 



Number of hours per day x 1 

Number of hours per day x 2 



X-ray diagnosis and treatment:\ 
Chest x-ray ^ 
Gastrointestinal tract x-ray 
Dental x-ray 



x 100-200 
x 2000 
x 20 



Coi 



r g»are your annual dose to tfae U.S. Annual Average of 225 



Your Annual Inventory 



40 



At site boundary: /^nnual average number of hours per day 
One mile away: Annual average number of hours pec day" 
Five miles* away: Annual average number of hours per day 
Over 5 miles away; 



x0.2 
x 0.02 
x 0,002 
None 



15 



25 



Sub Total mrem 



Total mrem 



One mrem per year is equal to: Moving to an elevation 100 feet higher - * 

< Increasing your diet by 4% * 

/ Watching one additional hour of Black and white TV per. day 

Taking a 4-5 day vacation in the Sierra Nevada Mountains. 
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DETECTING RADIATION 
- K 

Science 



To measure the ^intensity of radiation, the effect 
of air.on beta particles and gamma rays, and the. 
absorption of radiation. 

Scalar counter, gamma sources, beta sources, lead 1 
sheets, paper and aluminum ^sheets , Coleman lantern 
mantle, sand from' weighted "tape dispenser, dial from 
clock painted with luminous paint. * 

■I. TE$T. *.To determine if the scalar counter is work- 
ing properly. Be certain that the high voltage is « 
turned off. Too much damage will ruin ^the GM tube. 
All radiation is to be recorded in counts per minute. 
The counter will count the radiation and time your^ 
experiment for you. The timer will measure to the" 
.01 of a minute; therefore, when the timer reads 100/ 
a minute has elapsed* In 1 the test the electricity 
will be registered; You should get 6Q counts ^er 
second.. If you allow the counter to run for She 
minute, what should the counter read? 

, • \ *' 

;_c/m 

II, BACKGROUND. Background radiation is the radia- 
tion about 6 you. This radiation is natural from both 
the earth' itself and outer space. Naturally man has 
increased this level with atmospheric testing of bomb^ 
Since this number ,will be used to" correct your read- 
ings, you should take at Least three readings ands 
average -the .numbers, 

III. INTENSITY' OP RADIATION. To measure the 
radiation being given toff by different radioactive 
sources, place, the sources where you can'- g^t- maxi- 
mum count. Place the sources at the same distance 
from the t^be each t time. All sources will emit beta - 
particles and gamma ray-s* tfoti will test.- a Oo£<aban 
lantern mantle which As Tji-232, its llaif-lif ^i** 
1.4 X 1Q yeairs. After the mantle has burned, it^ 
is still radioactive. -'The mantle*'* emits- alpha and_ 
beta particles. >*The government does not regulate 
this radiation to which you are,, exposed. 

JvTtEFFECT OF AIR £>N BETA PARTICLES .AND GAMMA RAYS, 
To determine the < effect of air on bet$ particles and 
germma rays, place the radioactive' source 10 cm from 
the window. Determine the count. Repeat at intervals 
of 5 cm- up to 60 cm. Perform once for a <strdhg gamma 
source and once A or a strong beta 'source. Graph this 
data. The' time* should be on the X-axis since it 



: • Mi 



changes at regular intervals. The counts should be 
on the Y-axis 'since tt changes at irregular inter- 
als. Put both the gamma and beta on the same graph 
ut a color key «on the graph, 

V. ABSORPTIVE EFFECT. • To determine the absorption 
of radiation by various solids, begin with a single 
sheet of paper; progress to the aluminium and. then to 
the lead, % 

See following pages for data sheets. 



. DATA SHEETS 



Background Radiation 

, , jz/m 

c/m 



_c/m 

c/m average background 



Intensity of Radiation 



Material Used 



Type of Radiation 



Corrected Count 
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Effect of Air » 1 . 

» Distance Source ' Count Corrected Count Source Count Corrected Count 



t 












! 


© 


• * 








1 




- ' - 












■I. . ■ 




a "!» 
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Absorptive 'Effect 








Radiation 




Material 




] : ■ ] — < 

i 

I 






1 - ■ 




— — j 


r| : 





Corrected Count 
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TITLE: RADIOACTIVITY OF AIR 

AREA: Science, Mathematics 

OBJECTIVE: To measure the amount of radioactivity in a 
collected air sample* 

MATERIALS: Vacuum cleaner, Geiger counter, means of measuring 
air flow 

ACTIVITY: Entire class will take information from a single 

demonstration following the procedure below* Fill 
in the data sheet provided with the experiment, 
do all the* calculations and complete the questions 
at the end of the experiment. 

The apparatus peeded for this experiment will include 
a vacuum # cleaner, Geiger counter and a means of 
measuring the air flow, (Note: students are to be 
involved in figuring oa-t this technique.) The yield 
of a Geiger counter equals the counts per minute 
divided by the disintegrations per minute. For most 
Geiger counters it is approximately 4%. Additional 
information needed: One Currie equals 3.7 x 10 10 dps, 

DATA TABLE ' ^ 



Rate of air flow * 

Time* air flow started 

Time air flow ended. 

Volume of air used (computed) 



cu .f t/min , 



Counts per min. (computed) 

■ Beginning ~tdme hrs. 

Ending time __ 

Total count 



) 



hrs . 
_hrs . 
cu. ft, 
cpm 



hrs . 

_minus background 



Disintegrations per set. (computed)*. 
( ^cpm .yield) * 60 



Change dps. to Micro Curries 

(one Ci equals 3.7 xlO 10 dps.) 



_dps , 
uCi 



Concentration of Micro Curries/cu. ft.. 

Concentration of Micro Curries/ml 

Accepted Value (EPA) , 



\ uCi/cu.f t, 
uCi/ml 



uCi/ml 



Reference: VoUmer, Gerald W. Environmental Chemistry in Secondary 
Scltool, 1974. Carey, Walter. Experiment on Radioactivity at 
Stone Laboratory. Activity suggested by. Kenneth McCall, Science 
Teacher/ Portsmouth High School, Portsmouth, Ohio. 
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TITL#: 



AREA: 



OBJECTIVE: 

MATERIALS: 
ACTIVITY: 



HALF-LIFE OF RADIOACTIVE ELEMENT 
Science, Mathematics 

To plot a qraph illustrating the half-life of a 
radioactive element (represented by pennies) . 

Box, 100 pennies, graph paper (for each two studerrts) 

Place 100 pennies "heads-up" in a box. Close the box 
and shake it in all directions^£or several seconds. 
Now open the box and look at the pennies* The pennies 
that are laying "heads-up" represent radioactive atoms 
-and those laying "tails-up" represent ^decomposed atoms, 

Remove the "decomposed" ^pennies. Record the number of 
pennies regaining in the box (radioactive)." 

Repeat this several times and record the number , of 
pennies remaining after each shake. Repeat this 
proced^e until all pennies have been r.emoved. 

Using the scales dn the theoretical graph beloWplot 
the results. The amount of time it takes td**sTTake the 
box and hav^e -one-half 'of the pennies "decay" is 
equivalent to the half-life of the pennies, 

| 

ID 



hi 
2 

A. 
3 



50 
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Collect and plot on a graph the data 'from* each pair 
of students in the class. Compare the class graph 
to graphs for each pair of students and the theo- 
retical graph of half-life (above) . 



Optional' Activities 



Plot on semi-log graph -paper and/W' 'plot logarithms 
of the number of pennies remaining" eacn time vs* 
times shaken. . - J 
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Find the equation' for the line. Compare with the 
b^sic equation for decay. 



Teacher Note?: 



Students should shake the box for the same number of seconds 
and in the same manner 'each time. If a cdin is leaning against * 
the side of the box/ it should be flipped over without being looked 
at. 



r 
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TITLE: SMALL + SMALL = BIG" + BIG > 

AREA: Science * 

OBJECTIVE: To diagram the fusion process -and evaluate the 
; * ' state of technological progress in utilizing 

fusion as an alternative energy source'. 

MATERIALS : Liated in activity 

ACTIVITY: Review atomic structure to include a discission of 
isotopes. Focus on the isotopes of hydrogen: 
ordinary hydrogen, deuterium , tritium; 

A. The energy from deuterium 

1. If 1 g of deuterium releases 340 million 
BTU's, how much is released from one ton 
of deuterium? 

2. If coal releases 25 million BTU's/ton, how 
* does it compare with deuterium? 

3. If the world uses 300 x 10 15 BTU's/year, how 
many tons of deuterium would be required' to 
supply that demand? 

4. How many pounds of water would be required? 

5. If the world's energy, use remains constant and 
. * . there are 10 x 1012 tons. of deuterium avail- 
able, how long would the deuterium last? 

6. If the world's energy use doubled, how long 
would the deuterium last? ' A 

B. Fusion Reactions. 

Ask the students to propose possible products, 
for the following reactions: 

i° 2 -—9- - . 



D 2- .■ . A 



3. 1" • '+ 1^ — > 

-D 2 3 ' 

4. 1. + 2 He - 1 — > 
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To .Make the Reaction Work 

Charge* two pith balls with like charges and 
bring them together. Students should note . 
how like charges 'reppl one aijother-^ just * 
as the positively charged -D of ..T nuclei 
do. _„ 1 1 

How then are we to combine those nuclei to 
produce energy? 

Ask the students to propose techniques , then 
discuss actual methods * (See Teacher Notes) 

The Status of Fusion Reactors 

Discuss with the students the problems of brings 
ing nuclear fusion onto line. Emphasize the 
time and money that will be required to make 
fusion reactors a reality* * 



A* Deuterium is rare-. It combines with oxygen 

.to make the laboratory curiosity ' "heavy water* 11 
In a natural sample ofj water, only one molecule 
' in 6500 is' of that variety* In other words, in 
60,000 pounds of water, there is only about 1 
pound of deuteriuiru But water is enormously 
abundant and the- earth's oceans, river^,, and 
lakes contain ten^trillion tons of deuterium., 

* The world total " recoverable" resources of 
coal are estimated to be only 6 to 8 million 
tons. In a fusi'on reaction, between deuterium 
nuclei, *the> total amount of energy released is 
34/G-roilldon BTU*s per gram of deuterium or* 

* abbut 1,5 quadrillion tl*5*x-10") BTU*s per 
ton, In contrasg, coal releases at most 25 
million (25 K 10 ) BTU*s per ton when burned* 
Thus each ton of deuterium could produce 60 • 
million'*times more energy than a ton of coal* 

The energy content of all this deuterium is 
difficult to comprehend* The total energy the 
world uses in one year could be* obtained from 
200 tons of it. Even if the world consumed 
twice the annual amount of energy it now does, 
. the deuterium supply would last about 50 
billion years* — which ife longer than we can be 
sure the world will la!st v The use of deuterium 
as a fuel is the most attractive fusion possi~ 
bility* „ 



143 



173 



B. In | fusion reaction two small nuclei 

^1 D ' 1 T or 2 He ' combine to produce a 
larger atom, an atomic particle, and energy. 



1. ,He + N 

3 

2. T J + P 

3. ,He 4 + N 

• 4 1 

4. 2 He + H 



1 Me V = 2 3 M BTU/g 



+ 3.2 


Me V 


+ H.O 


s 

Me V 


+ 1/.6 


Me V 


+ 18.3 


Me V 


of electron 


volts 



C. How cart- the nuclei in reactions 1 to 4 be 
made to combine? 

The problem is fairly simple to state. The 
reacting particles n\ust be given enough energy 
to collide in spite of the electrical force 
trying to shove them apart. In a simple 
-analogy, they must roll- up over a hill before , 
they can crash down together into the deep 
valley, and give up energy* 

Fusion reactions do occur in^ the sun and in 
hydrogen bombs. In those cases, energy, is' 
supplied in the form of heat. , If a mixture 
of dueterium and tritium (D^arid T) can be held 
L together and brought to, a temperature of 50 
to 100 million degrees Celsius (c) , the fusion 
reaction will take-Rlace. The ignition tempera 
ture—as -this reacting temperature is called — 
is about 500 million C for D + D mixture. 
Since the ignition .temperature for D + *T 
mixtures is lower, the experiments now under* 
way concentrate tfn this reaction. 

The enormous temperatures which ar^ needed 
greatly limit conf ineme^^eefinirques . Ordinary 
vessels — bottles cans , and tanks — cannot be ' 
u?ed. The reacting particles^ must be suspended 
in a vacuum, free of any*'matter which could con 
duct their 'heat away. 3 We know of two ways to 
'ac^pmpj^sh this, magnetic confinement and- 
inerti^l 'confinement . 

In magnetic confinement, the deuterium- 
tritium *nexture is given enough energy so • u 
that the electrons are stripped from the 
nuclei ^ferfming a "plasma" of charged electrons 
* and nuclei. This plasma can be controlled by" 
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a magnetic field much in the same way that 
a beam of electrons is controlled in a 
television tube. Several different ex- 
perimental approaches using magnetic confine- 
ment are described below, ^ 

In 'inertial confinement, a solid target, 
^(a droplet or sphere) .of deuterium ^and 
tritium is heated extremely rapidly so that 
it reaches the ignition temperature ^or 
fusion before it can expand and reducje its 
density. Bombardment of a sm^ll sphere of 
deuterium from all sides tfith a high powered - 
laser is one method which' may achieve -this * 

Given the current status of fusion and the 
scientific and engineering problems- which must 
be solved before the "scientific feasibility" 
of fusion can be demonstrated, it may seem 
premature "to spend time considering what a 
commercial power producing plant would look 
like^ 

The production of fusion fuels, because of 
the enormous amounts of energy they contain, 
Should cause little disruption of the environ- 
ment* Removing one hydrogen atom in 6500 
from the ocean will have no measurable effect 
on it and the- amount of lithium needed is equal 
miniscule when compared *to projected needs of 
coal or even uraniunu 

The fusion reaction would be, it appears , as 
environmentally benign as any technology ; 
except solar energy % 

The fusion reaction, relying on- abundant 
deuterium for fuel, could provide humankind 
with energy for millions, perhaps billions, 
of years and at modest cost to the environment. 
Unfortunately, in spite of almost 30 years of 
scientific and engineering labor r and a billion 
or so dollars spent in the IKS*, we have not 
yet produced a self-sustaining r controlled 
reaction* ' * 
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TITLE ! 
AREA: 



NUCLEAR SCIENCE CAREERS 

J > 4 

Science, Social Studies, Language Arts 



OBJECTIVE: To identify career opportunities and educational 
requirements in the field of nuclear science. 

Listed in activity 



MATERIALS 
ACTIVITY: 



B- 



The students will write for information related 
to career opportunities" in nu9lea^ science. 
To assure response to reguests, attdch stamped „ 
self -addressed envelopes? v 

1* Society o£ Nuclear Medical Technologists' 
P. 0. Box 284 * 
Arlington Heights, Illinois 60006 

2- ^National Science Foundation 
1800 G. Street, NW 
Washington, D.C. 20550 

' 3. The American Society of Radiologic Technologists 
645 North Michigan Avenue* 
Room 62 0 • 
Chicago, Illinois 60617 

4. Careers (Career Publication) 

Box 135 4 
.Largo f Florida 3354 0 y 

5. Nation Center for Infortnatipn on Careers 

in Education * , * 

1607 New Hampshire Avenue, NW 
Washington,, D.C. 200'07 

\ « 
After students receivp the information 'they will 
identify the career Which interests them most.-. * 
They will list in order the educational and other 0 
■preparatory needs to meet the requirements^ , 



Opti onal A 51^iXita^es : 



Make 



chart of careersrand their descriptions' 



2. Assemble career title^intd bingo game-. 

3. Make' bulletin board of collage depicting ' careers. , 

4. Guest speaker I < 



1 
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NUCLEAR ENERGY - VALUE CLARIFICATION 



Science, Social Studies, Language Arts 

\ 

To examine the factors involved in site selection 
for a nuclear generating plant and the impact on 
the environment and the community. 

Library, resource materials 

A * Organize the class so as to hold a simulated- 
public hearing by, the Louisiana Public Service 
Commission on a proposal by the Electric Com- 
pany to build a new energy-producing plant in 
your community . 

The following simulated situation can be adapted 
for a specific community to provide ideas for 
the background. 

1 \ 

A new industry has chosen this area to build a" 
new plant that will employ 500 people^ The 
new indi*st;:y has taken an option to purchase 
land along the main highway where it borders a 
< . tributary to a body of water (river or lake) . 

-The Electric Company finds that they will need 
a new plant to supply the additional electrical 
energy for this Riant and the increased smaller - 
rveeds in this area .. # *.;i ts present plants are 
running at full capacity. They have -chosen a 
site for the new plant .which is adjacent jto the 
one the new industry has selectee. The Electric 
.Company has decided to use nuclear energy to 
fuel the new plant. The factors considered by 
the Electric Company during plant site evaluation 
•are: water supply, geology and subsurface, 
" seismology , meteorology , proximity to trans- 
mission grid, demography, land usage and avail- 
ability, labor supply '.construction)., impact on 
local aquati'c and terrestrial environment, local 
economic impact, and'ability to be licensed. 

m The environmental groups in th.e area have joined 
forces to point out some' of the effects on the / 
environment that the new electrical energy gene- 
^ ratinq plant will probably produce. 

The. Public Service Commission has decided to 
hold a public hearing in^the community to gather 
'information to assist it in reaching a decision 
whether or not to grant permission for the Electr: 
Company to build the new plants 
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B. One suggested organizational pattern' for a 
class might be; 

1*. One group of, three students to represent a 
team to present the Electric Company's 
position. 

a. An engineer to present the h/ckqround 
of why the company needs tybuild the 
plant. * ( 

b. Another engineer to present why the 
company has chosen the specific site, 

c* A , third 'engineer to brinq out the . ' 
positiv.e side of the benefits to the 
community such as: 

Construction jobs whil^, the plant is 
being built „ 

Permanent jobs while the plant is in 
operation* 

Economic benefits to the community: 
/ payroll which will be spent in the 

community an"d property taxes, 

2. Another group of three students to represent 
a team to present the environmental group's 
position . 

a* One to discuss water usacje (pollution,' 
industrial waste, a need for additional 
'water supply) . 

b. One to discuss air pollution (need f or ^ . 
+ smokestack controls, references to air 

pollution index) . 

c. One to discuss/land usage (any history of 
flooding that might be pertinent', loss of 
farmland) + . 

3. One persolT^to^act a£ presiding officer. 

4. ^ Five students to act as membefs of the 
w \ Public Service Commission* 



5 y~~One*\student (s) to act as a v reporter for the j* 
loca^J. newspaper , 

« V 

6, Remainder of the class to act as public 

% ci ti2^rL£_^fe-t eiiJi i )g y the hearing with questions 
and comments* ready when requested. 
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One possible format for. the hearing might be: 

1. Allot 15 minutes (5 minutes to each member 
of a team) for presentation of the' Electric 
Company's position. 

2. Allot 15 minutes (5 minutes to each member ' 
of a .team) for presentation of the environ- 
mental group's position. 

3. Allot 5 minutes for the environmental group 
to cross-examine and rebut the Electric 
Company's position. 

4. Allot 5 minutes for the Electric Company's 
team to cross-examine and rebut the environ- 
mental group's position ♦ 

5. Allot 5 minutes for questions and comments 
from the public citizens. 

* 

At the conclusion of the hearing, the Commission 
Members should vote on the question. Then the 
entire class should evaluate the activity/ dis- 
cussing the questions raised, pros and cons, 
etc. Perhaps parallels might be drawn which in- 
clude actual situations. 
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COAL: 

COAL constitutes 89% of all fossil fuel reserves' 
in the United States.* It is undoubtedly a major fuel 
source of the future. There ark some problems, however, 
in the use of our coal reserves. Tfre sulfur content and 
other combustion residue of our ^coal make it difficult 
to meet environmental regulations. There are processes to 
Iremove the sulfur before ' burning the coal, but they are 
quite cosily at present., 

The environmental problems surrounding coal also 
include mining techniques. Stri£ mining, where the toy, 
layer of earth, the overburden/ is removed to expose the 
coal area> is an increasingly controversial problem. Great 
and expensive efforts have^been made to reclaim the earth 
for later use. However, all of .the, environmental precautions 
greatly add to the total cost of our most abundant fossil 
fuel reserves. 

Today 1 s students are likely to be unfamiliar with' 
the use of coal as an energy supplier, but only 45 
years ago coal was the most widely used energy source in 
the world. In 1947, coal supplied as much as 50% of 
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America's energy needs while in 1971, it supplied under 18% 
of the total. Development of petroleum and natural <jas reserves 
dealt a severe blow to the coal industry and relegated coal to 
a poor third place in the energy race. With the present energy 
problems,, however, the picture rs likely to change again.- 

. Estimates of presen/ coal reserves and how long these 
reserves will last vary widely, depending upon who is providing 
the figures. The Geological Survey estimates that there are 
^about 217 billion tons of identified, economically recoverable 
"^serves of coal. (USGS, 1974) The total amount of known 
co^l is actually much higher since there are known to be 1300 
biljbion ton^ that cannot be recovered economically using present 
technology. This figure includes the „50% of the co^l in most 
underground mines which is left to support the roof. There are / 
then about 1.5 trillion tons of identified coal in the United 
States. (USGS, 1974) 

How long wil]^ this coal last us? This question can only 
have a qualified answer. Energy experts have given estimates of 
from 200 to 500 years, but any estimate depends on how the coal 
is tobe used and on the rate of coal consumption. If the con- 
sumption of coal continues at its present rate and i-f the' coal" 
is used directly in power generating stations, our reserves 
could last 300 years or more. It is more likely, however, that 
the rate of coal consumption will increase^and that some part of 
the coal reserves will be used in gasification or liquefaction 
plants, which are themselves energy consuming. This will result 
in the shortening of the lifetime of these reserves. Louisiana 
historically has used little coal because of the abundance of wood 
and natural gas. Production of lignite is beginning in northwest 
Louisiana. 




CRUDE OIL supplies more thanhalf of the nation ! s energy 
needs. It is the "basis from which many everyday items are 
produced, as well 1 as the actual source of heating fuels, gasoline, 
lubricating. -oils and asphalts. At present, it is the foundation 
pf much of the world's economy. " 
N f \ 

Crude oil is found in many countries throughout the world, 
but major reserves are located in the Western Hemisphere, Middle 
East and North Africa. A major problem arises when a country 
uses more * petroleum than it produces and has to import oil from 
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another country. It becomes dependent on imports and 
'subject to price increases or embargoes — as the United 
States experienced in 1973 and 1974 and since. 

^ It is important to distinguish between "reserves" 
and "resources." Es timated proven reserves : identified 
and engineering data as Recoverable in 1 
:rom known reservoirs using present eco- 
nomic and opera tiryj -conditions . Resources: undis- 
covered deposits probably economically producible, and 
presently known supplies that are uneconomic at today's 
prices. U.S ./reserves will be sufficient for about 10 
years (at prelagnt rate of consumption) and predicted 
resources are qdod for no more than 50 years. 

After oil is found by exp-lora^tory drilling, it is 
pumped from its location deep within the earth ^sSfZr* 
face under sedimentary layers of *sand and stohe. Once 
the dil is pumped from the ground it is transported by 
pipeline or tar>ker to /the refinery.-' ^ 

At the refinery the crude oil is processed into 
vafious groups of like characteristic?. The three 1 w^SSK 
major processes, at the refinery are separation, crack ingV"^"^ 
and treatment. For separation*, the oil is heated to a ^ 
high temperature. Oils separate into different .vapors which 
are then coaled and collected -in their liquid state. To ' 
increase t/e yield of high quality fuels, some of the sepa- 
rated compiai^nts undergo cracking. Tlks is a process in which 
hydrocarbon molecules are broken £own%kt high temperatures and* 
pressures, often with the usfe of a catalyst, into smaller 
molecules. v \ i 

After separation and cracking, the resulting products are 
often treated to .reduce undesirable odors, or to^improve combustion 
residues. Oil is usually treated to remove sulfur, which causes 
wear in equipment and pollutes the atmosphere .„ 

Through experimentation with more efficient refining processes, 
scientists discovered petrochemicals. The gaseous by-products 
of -the refining operations have given the worl£ a major industry 
And over 3 , 000 different chemicals'. ■ Petrochemicals ' are the- basis 
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for products such as synthetic rubber, plastics, detergents, dry 
cleaning- fluids, antifreeze, aspirin, food preservatives, insula- 
tion and clothing. 



Because we are increasing our imports of oij., the trans- 
portation of oil in 'tankers is becoming a bigger and bigger business 
And the ships used to transport the oil are become bigger and 
bigger also. The "super tankers" of* today are as long as three 
football fields, end to end, including end zones* Unfortunately 
ships occasionally have accidents and may spill parjfc' or all of 
their ckrgo into the sea* When a super tanker has an' oil spill, 
the results can.be devastating, as the accident in Marcti of 1978 
off the ccpast of Normandy, which spilled 120 million tons of 
oil.* Oil kills birds and agua^tic life and is ~a reffl en viron- 
mental threat. As oil imports rise all-over the world, oil spillsl 
become more probable. t * \ 

Much of Louisiana's oil comes from Louisiana but a great 
deal is imported for production in more than 30 refineries. 

Our world revolves around the u§e of fuisls refined from crude 
oil: gasoline, aviation and jet fuels, kerosine, diesel fuels, f 
heavy 'oils, lubricants and greases. The shortage and misuse of- 
these products has given us the energy crisis, the solution of 
which begins with Conservation and research into alternative energy 
sources. 

OIL SHALE: ' 

OIL SHALE is a rc^ck containing a material that yields oil * 
when it is crushed and heated* One tan of r&ck will produce about 
25 gallons of oil. Most oiL shale deposits are ein the west. The 
rock must be mined either by deep mining or surface mining. Ex- 
tracting the oil takes large amounts of water--three barrels to 
.every one* barrel of oil processed. One of the big problems is the 
disposal K of the spent rock after the, oil is extracted. Vegetation 
wi^l not grow on the used shale without a moderate amount of rain — 
scared in many parts of the West. Without vegetation «some animals 
may lose their homes and natural food supply. Rain water passinq 
.through this rock will possibly pick up pollutants and carry them 
to larger bodies of water if there^is no vegetation. In addition, 
oil shale processing contr^utes to air pollution "if not con- 
trolled, * 



URAL GAS; 



* NATURAL •'GAS and oil are found deep within our earth's surf are 
in deposits of .accumulated organic materials millions of .years old. 
The NATURAL. -GAS, because it is lighter., is stored in the upper layers 
of the porous "ro'ck, With oil or salt water deposits below. 

' At first natural g^s was considered a v nuisance when its 
presence accompanied the dis-coverV of oil; it was allowed to by'rn 
off. 'Fhis practice is still going on at ^many of the "oil wells in 



the Middle East, It was soon discovered that, .natural gas is * 
a very clean, efficient, and low cost fuel. Pipelines were 
built to carry it, and by 1958 it surpassed coal as our number two 
fu'el. . . . • 

Natural gas, today's most coveted fuel', is tapped from 
wells and pressurized within the pipeline rn which it is 
transported. The gas i s then moved' to the ^rubbers, where it 

^ is cleaned and dried before going to the pumping station.' 

"Natural gas. is transported in the pipeline under 100 pounds of 
pressure per square inch, necessitating the placement of pump- 
ing stations every' 200 miles. ^ 

Louisiana is the leading natural gas producing state- in 
the nation. Much of the ..gas produced^ in the state goes else- 
where'.* , 

■% 

-In the United States, natural gas is transported through 
900,000 miles of pipeline to its many and varied customers. 
It -cooks our f opd,, cheats our homes, processes many everyday 
products, and generates our electricity. It 
is an invisible, odorless gas to which a 
chemical #dpr is added for safety ! *s sake, and ' 
and it has become our most exploited fossil 
fuel. # * 

Natural gas can be* f lashcooled to -260°, 
a£ which temperature it becomes a liquid which 
may be stored in insulated tanks for future 
use. Its volume is condensed 600 times so 
the liquid natural gas (LNG) can be easily 
stored to supply peak demand during our 
cold winters. The entire operation* of im- 
porting gas must include facilities for 
liquifying the gas at the source' country , s 
special ships for transporting, unloading 
facilities at the receiving, country, and - 
facilities for changing the liquid back 

to gas. The processes are considered somewhat dangerous. 




For 



example, when a ship unloads LNG, every other ship is cleared 
from its vicinity. Near Lake Charles the Trunkline LNG Gas 
company has- under construction an unloading facility in an 
area away from concentrated population. From he!re gas will travel 
to distribution cerfters. • . » . r — 

Natural gas is in short supply. Since tHe early part of 
this^ century the price of natural gas has been kept low by ; 
government regulation, causing natural gas to be widely used. 
The low cost created a heavy demand for gas. As demand in- 
creased, it out-paced new discoveries and reduced ,the known proven 
reserves.. Because supply has not been able to meet demand / cur-** 
tailments have occurred during periods of peak en^r'gy use. 

Natural -^s reserves peaked in 19 61, and have bean 
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going down since. Even .the additions of the Alaskan deposits 
cannot reverse this trend because new reserves have jtist 'riot 
kept pace with our increased usage. In 20"years at present rates, 
„ proven reserves will be gone. Resources m$y t last. for 30-50 years. 
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FORMATION OP FOSSIL FUELS * 1 
Science' \ 

The student will investigate how fossil fuels 
ar6 formed. * *' 

Ferns,, sand, peat, coal, 10-gallon aquarium, 
slides or charts of geologic time scale 

A t Have students examine sampleg of ferns, peat 
and coal, 'show the students geologic; time 
charts and describe the physical condition of 
. the earth during the coal forming processes. 
Then stimulate the conditions in the aquarium. 

^, Fill the aquarium with tap water. Add enough 
peat moss to maHe a one-inch layer. Allow one 
week to elapse. What- is the condition of the 
water? Include such things as pH, odor, tur- * " 
bidity, decomposition of peat, etc. Have .any 
changes occurred in the peat? Suggest reasons 
for the changes, o r expl ain why changes did not • 
occur, „ 

C. „ Sift moderately fine sand over .the peat to a depth 
of one inch* After the sand settles, add an 
equal, depth of peat. Repeat the process for a& 
long as desired, or until several successive ■ 
layers have formed. Is coal being Termed today 
naturally? 




TITLE: 
AREA: 

OBJECTIVE : 

•MATERIALS : 
ACTIVITY: 



GEOGRAPHIC LOCATION' OF FOSSIL FUELS * • 

Science, Social .Studies, English 

Thie student will locate geographically our 
world-wide energy resources of fossil fuels. 

World map,*' library JL-ifee^ature , colored pins 

Energy resources, such as oil, coal, and .natural 
gas, are located in different geographic regions 
of the world. Have students research jbhq known' 
energy resources, their location and' the geographic 
characteristics that indicate a possible fossil 
fufel reserve. -On a nap of- the world, have the 
studen-ts locate these energy resources using dif- 
ferent colored > pins_ for eacfi fuel. . ' 

Once, the energy - resources have been loajjUecf, have 
the students decide which countries have the most 
fuel reserves and 'which countries have thq greatest 
demand for those energy fuels. Discuss what problems 
result in -this supply/demand imbaicOTCHr .\ — r 
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TITLE: 
Are/: 



OBJECTIVE:' 

MATERIALS : 
ACTIVITY:.- ' 



LOCATION OF COAL BEDS 
Science, Social Studies 

The f student will locate coal beds -on topographical i 
maps.* > 

Topographical maps : 

Many minerals such as coal and limestone occur in 
distinct layers called beds. These beds usually 
cover many square kilometers (sq. mi.) and usually 
are tilted or bent downward in r one direction .« Once 
strip mininq has started 'at* several points on a 
single bed of mineral, it is easy to plot the outline 
of the bed and predict its mass and volume from a 
topographical map. 

First : Have student teams make% a topographical 
cross section of an area which has several strip 
mines scattered across it; This is accomplished \ 
^by drawing a straight line across a topogr aphical • 
~ map^TReii plotting on graph "paper each" of the contour- 
lines thajb touch the stra-ight line. 

Second : IJave the students mark on the . completed cross' 
sectional plots the locations of each strip mine' 
that touches the line dra^n.on the map. Since coal - 
(and other' minerals) occur, in -beds , the students 
can slcetch <the location of the hidden coal bed by 
connecting the elevations of the stripymined area. 

Third : The amount of tilt (dip or strSce) in 'the 
bed can be readily determined by examination of the 
graphed data. 

Fourth : If the mined area is located close to the 
schtaQl, the approximate volume of coal present in the 
bed can be estimated. Measure the bed's thickness 
at road cuts on the mine high walls. Next, multiply 
the surface area of the bed times its thickness 
times^ tKe specific gravity of the coal. « 



'Teacher Notes: 



' The 'tqache'r must check the map carefully in advance of this 
exerci&e to - make" sure only- -one* mineral. is*being' s*trip-mine& 
^.n v tha map' area being studied. Otherwise the students "will ^u&ually % 
unknowingly plot both mine systems ohjo~ne paper and .get a "set of 
*da£cfVtiiey cannot" interpret . ' ti * 
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The finished cross sectional diagram 'should look like the one 
shown below. 



- - • 900 ft. 




10 kilometers or 6,4 miles 



LEGENT: 



A. Land surface before erosion started 

B. Present hilltops 

C. Present valleys 

D. Coal bed removed by erosion , 

E. Remaining, coal bed 

F. Strip-mined areas ^ 
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COAL FIELDS OF THE UNITED STATES 
' ( FROM UNITED STATES GEOLOGICAL SURVEY ) 




TITLE: 
AREA': ' 
OBJECTIVE: 



MATERIALS : 



ACTIVITY; 



OBSERVATION OF THE DIFFERENT TYPES OF 
Science • 



• A 

COAV 



The student will observe the difference betv/een 
the types of coal. 

Small sample of peat, lignite , bituminous coal , 
anthracite coal, crucible tongs, Bunsen burner, hard 
lens " / 

Examine the samples carefully, using a -hard lens if 
necessary. Answer the following questions r 



1. 

.2. 
3. 
4 . 
5. 

6. 



, Which sample looks mq$t like plants? _ • 
Which sample looks leas*t like plants?^ 

• Arrange the samples in prder of hardness. 
.Arrange' the samples in,ord£r of luster. 

Which sample looks like it has the* most* 

• carbon in it? • , ^ • 

• Which sample looks like it has very little 
carbon in it? 



IJold each sample with the crucible tongs and" light 
it with the Bunsen burner. Note how long each takes 
to, ignite. /Also note any .odors or smoke, and how 
rapidly each burns. * . 

1 
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tlTLE: 
AREA : 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



EFFECTS OF GASES EMITTED FROM THE BURNING OF COAL 
IN A CLOSED AQUATIC ECOSYSTEM * ^ 

Science p j s 

The ^Eudent will determine the e'f f ects of g^ses 
emitted from the burning of coal in a closed 'aquatiG 
ecosystem. 

Elodea, Guppies , * aquarium sand, gla§s tubing, rubber 
tubing, and stoppers, two one-gallon jars 

Inty two *o'ne-gallon jars add two inches of aquarium 
gravel. Add water to the top of the vertical 
column. Add several strands' of Anacharis (Elodea^ 

'sp.). These may he floating or rooted in the gravel. 
Let the aqqaria set for one week. Introduce a male 
and fe'male Guppy. Feed the Guppies for several days 
and then seal the jars with paraffin-coated lids. 
(The Guppies should be fed several times a day.) One 
jar l'id should ha,ve a hole large enough to, admit a 
glass tube. Put orte gram of finely ^fi?ound coal with 
a known sulfur content into a. 22 x 180mm test tube. 
Plfig a one-hole rubbe.r stopper,. Insert a , 

short ^section of glass tuning through 'the stopper.' 

, Place a long (25cm) glass tube through the hole in * * 
the lid of one jar. Connect the gl&s's tubes wi£h an 
aquarium liose. Burn the coal u&ing 'an external flame. 
As the coal burns down, be gareful thatwatet is not 
drawn back into the ^est tube—this could cause the 
glass to break. "Repeat the process daily 'or weekly 

• for several weeks. Have students record any changes < 
which occur in the>, two jars. Make sure the jars are 
kept near each other, under the same conditions, and 
out of direct sunlight. 

What effect does the burning of coal have on this 
closed aquatic ecosystem? How does this system 
compare to the biosphere? Does the burning of coal 
have any potential, effe.ct on the aquatic portion of 
the biosphere? Compare and contrast the effects of 
burning coal on an aquatic ecosystem and /a terrestrial 
ecosystem* ■ ■ % 

xry > 

1. Aquarium/ gAvel 

2. Blodea 

3. Water level 

4. Sealed lid 
5* Pish (guppies) 
£• Coal 

7. Glass deliver^ 
tube 








^ J 
" i 


' f 
® 





*The activity should be terminated if it becomes obvious 
that the fish are being adversely affected. * ^ 

162 1Q<>' 



t 



TFgLE: 



'.r 



AREA : 



'SULFUR -DIOXIDE EMISSIONS' FROM THE- BURNING OF 
FOSSIL FUELS 

Science 



£ OBJECTIVE : 



The student will study the harmful effects of 
sulfur dioxide emissions from the burning of 
fossil fuels. 1 * v 



MATERIALS 



ACTIVITY: 



Soft coal, pure sulfur, red and blue litmu§, 
green 'leaf*, zinc, colored cloth> red apple 
peel, containers , water 

» 

1. Ignite some soft coal (high sulfur content if 
possible) and- have students note the odor ^ 
(using the correct technique) . What 'are the 
possible gases giv£n off during thi^s reaction? 
In the hood ignite a piece of pure sulfur, note 
( the odor, collect the gas given off and pass 
through containers that have the following: 
"red and blue litmus, green leaf, piece pf zinc, 
small piece of colored cloth, and a piece" of 
red apple peel. Be sure a;id dlose containers 
as soon as gas is added. Have students record 
their results* 
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2, Add 10 ml. of water to each container and shake, 
Again^ have student^ .record their results, 

3. DISCUSS THE FOLLOWING REACTIONS WITH STUDENTS 

When 'sulfur burns in the air you have the follow- 
ing reaction: S *+ 0£— *S0 2 , 

The sulfur dioxide produced from this reaction 
added to water yields s,ulfurous acid, 
§0 2 +^ 2 0-^» H 2 SO r 

'Sulfur dioxide when mixed with oxygen of* the air 
ip the presence of sunlight will yieid sulfur 



trioxide . 



2S0 2 + 0 2 



Sulfur trioxide in the presence of water yields 
sulfuric acid, SO^ + H 2 0-~ 



H 2 S0 4 . 



QUESTIONS 



1. Are«the bleaching effects due to the dry 
< sulfur dioxide or the sulfurpus acid? 

* 2, Why does the 'paint often peel and blacken on 
houses located near factories that burn 
* sulfur-containing fuels? 
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For what purpose is powdered- sulfur some- 
times used on rosebushes? 



How many useful and essential uses can you 
list for sulfur and its related compounds? 



- .A. 



EFFECTS OF GASES EMITTED FROM THE BURNING OF COAL 
IN A CLOSED TERRESTRIAL ECOSYSTEM 



Science 

The student will determine the effects of gases 
emitted from the burning of coal in a closed 
terrestrial -ecosystem. 

Sar\d , potting soil, coal, two species of plants 
(two of each), test tube, 22 x 180nufl glass tubing, 
hypodermic ^eedle, two one-gallon , clear* glass 
' jars -with Vide n\ouths 'and lids x * * 



jars*witn Vide n\oul 

Into two one-gallon jars, add pea gravel to a depth 
of one incfu Make -sure the soil is free from fungi 
add a minimum of 1-1/2 inches of ^oil. Plant two 
species of a succulent variety in each jar. Make 
sure specimens in the two jars are as similar in 
size and vigor as possible, 'Drill a hole in the 
lid and insert a thin rubber diaphragm such as the 
plugs used in blood-clotting vacuum tubes + As an 
added protection against unwanted contamirfants , use 
a paraffin seal between the lid and the jar. Add 
►sufficient water to moisten the soil. Screw the 
lids on and place ,,in indirect sunlight, (Direct 
sunlight will cbok'the plants,) - Keep both jars 
together and allow th^ jars to reach equilibrium. 

Finally, grind one gram of high sulfur coal (or" 4*> 
coal* used in your area). Place the coal in a f+ 
large- test tube, insert a small glass tulpe into 
a 'one-hole stopper. Connect the rubber tubing to 
the protruding glass tube. Then insert the entire 
apparatus into the end of the test tube* To the 
end of the rubber tubing attach a hypodermic 
needle of sufficient size and length. Insert the 
needle into the diaphragm, making sure the opening 
is not blocked. 

Heat the test" tutie containing the coal'uritil all 
the coal has 'Turned , *,"^' ,! \ * 



Observe the growth rates- of the plants in each jar. 
Daily measurements should be taken. The gases from 
the coal should be administered daily for. two weeks 

What effects, did the burning of the "coal have on the 
closed ecosystem? Explain.- 

How does this closed ecosystem compare with our 
biosphere? . 
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Based on the data collected on this experiment, 
•what do you think could be some of the possible 
effects of "burning coal in our , atmosphere? 




KEY 

♦ * 

1. Test tube containing finely ground -coal 

2. Rubber .tubing • ; 

3. Hypodermic needle .through rubber' diaphragm 

4. Succulent plants 

• »* * t 

5. Disease-free potting soil 

6. Pea gravel 

7. Sealed jar lids 




A SECOND 'COAL AGE? . 

Science, Social Studies^ History, Art 

To discover the relationship between energy supplies 
and the lives of people. * 

Piece of coal, pen, paper ^ 

1. Investigate the advantages pf coal in terms 

of: ■ ' \ 

< ^. 

-a. abundance (we have enough for centuries) 

b. b accessibility (.we know.whte're it is and 

how to get it; no costly exploration is 
needed) 

c. cost -(half the price of oil per unit pf 
energy * 

d. uses Ca very versatile fuel and can be . 
converted to oil or gas) 

* < * ' 

2. Investigate the disadvantages of use of coal 
as a fuel.^ (High sulfur content = air pol- 
lution, acid rain; mining hazards; environ- * 
mental hazards - acid wastes; difficulty of 
reclamation of strip-min^J lands.) 

3. Discuss industry and governmental recommendations 
that environmental restrictions on mining and 
burning coal be removed to increase production, 
-at least until technology can be developed to 
removfe sulfur and eliminate acid wastes, 

4. Ask* /what is coal?" (Reauest\samples" f rom local 
utility.) , ' \ 

5. Iavestig*te stages in* the formation of coal. 
(Peat, lignite, bituminous, anthracite,) 

6. Investigate the location x>£ 'the world's coal " v 
reserves. 

*> 

7. fnvestigate the productivity of a coal miner. 
(10-15 tons per day but dropping rapidly during^ 
recent years . ) 

8. Find out how coal is used in your area and hftw 
it is transported. 

9. Ask: What is a "captive mine?" (k mine kwned by 
a utility company to guarantee futyre supplies 

* of coalj 
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Calculate the amount of "coal it would take to 
supply your energy needs and the energy needs 
of y.our sohool. (One pbund of^coal = one 
kilowatt hpur of electric power,) 

Draw Jl picture of your home and school in the 
"Second Coal Age. " 

.• r , 

Describe your life if s all the environmental* 
--effects of using coal are eliminated. (Plenty, 
of energy but very expensive.) ' 

t 

Investigate regulations to increase min£* 0 
safety. • ' 

^dd to the class energy vocabularcy list. 
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DESTRUCTIVE DISTILLATION OF FUELS ' ' 
Science " 

The student will become aware of products formed 
by destructive distillation of fuels. 

100 nun pyrex ignition test tube, glass jet tube/ 
red and blue litmus paper, lead acetate paper/ 
sawdust- or wood shavings, poydered soft coal 

Set up apparatus as'shtfwn bel )w. Fill the ignition 
tube about 2/3 ■ full* x>f sawdust, excelsior, of small 
bits of wood. Heat the fub^ gently at first andl 
slowly^ increase the si\e-$Q* the flame until the 
tube is being heated^ strongly. Test the escaping 
gas' 'for hydrogen sul'fide by holding a strip, of 
moistened lead acetate paper in it for a few seconds*. 
Bring a* flajie to^he gas esc&ping through the jet. 
Note the* appefafance and odojr of the liquid formed 
in D the bottom- of 'tftfc condensed. Tfest the condensate 
with red and blue' litmus. When there is no further 
evidence of action, stop heating the tube and allow 
the apparatus to.cool. Remove the contents of the 
tube and examine the produc^, . 

— , \ v * 

Clean the ignition tube used as well as you can with- 
out using water, and filjL-it .about half full" of crushed' 
spft coal. Replace the condenser and tubes with a* 
"clean set and heat the coal as you did the wood. 
• Test the escaping gas with lead acetate paper. Test 
this ^as with l^Ltmus paper also.* 

Bring a. burning match tq the gas escaping from the jet. 
Heat the tube until gas i-s no longer giv^n off. Note 
th6 appearance and odor of the liquid formed in the 
bottom of the condenser. Test the liquid with red 
and blue litmus paper. When the tube has coaled , re- 
move the contents and examine the product. 
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TITLE: 
AREA: 

OBJECTIVE ; 
MATERIALS^ 

ACTIVITY: 




HEAT CONTENT OF FUEL GASES 
Science/ Mathematics • p * 

The student will determine the heat content of 
fuel »gases experimentally. 

Methane, Bunsen burner, propane, propane torch, 
water filled jug, rubber hose, asbestos furnace . 
paper, two liter pans •* ,/ 

Fuels such as natural gas and propane have a • ' 
definite cfuantity of .chemically- bound .energy tha~t 
can., be' converted into a definite corresponding amount 
of heat energy, This-exercise can be used to determine 
'Row much ehergy natural gas, propane, or an alcohol 
has. It can also determine whether or not yellow 
flames produce as much- he,at as. blue f Tames. 

Use ,water displacement to determine the number of * 
Seconds needed to pass exactly one liter of methrahe 

.through a BunseTi burner or to pass one liter of 

propane ^through a propane torch. 

* * . w 

System one: PlaT:e the burner inside a large,, in- 
verted, water-filled jug. Measure the ^ 
nufctber df ^ seconds needed- for enough 
gas to pass ' th-rough the burner to empty 
the water from the jug> ^ * 

r 

System two: : Remove the barrel from the burner and 
use a rubber hose tt) transfer the gas 
- . % * to an inverted, water-filled jug.' 

Measure the number of seconds needed for 
enough gas to pass through the burner to 
empty the waiter from the' jug. - ^ 

"For eitker system, divide the jug's volume in liters 
into ,ttye number ' of , seconds of elapsed time to otftain , 
the time needed tor one liter of flow. The calcu- 
lations needed for the Boyle's Law, Charles Law and 
water's vapor pressure may be included at this point 
-for advanced classes. 

Construct f calorimeters by covering the top and sides 
of two litet pans with several layers of damp as- 
bestos furnace pap^r. ' Cut the asbestos so that 
it extends about 2Q cm below the bottom -of the pan6. - 
Set the pans aside and allow the asbestos to dry, 
then mount the parts- on ring stands so that the as- 
bestos skirt reaches down to about 10, cm above the 
table top. * * 
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/To operate the calorimeter, add 1,000 grams of 
cool water to the pan. Next, light the burner ^* 
end set it inside the asbestos skirt under the ' 
pan for the number of seconds it. takes for 1.0 
liters of gas to pass through it^ Record the 
maximum temperature reached' by the water in the 
pan. 

A - 

The calculation for the heat content of the gas 
is: 

* / 

Kilocalories/l^er- of gas = . 

[(kg water) +-(0.22> (Kg aluminum pan)] x 
\ -(temp rise C°) 

This experiment should be repeated using two or 
more different fuels -with the burner adjusted 
each time to burn with a hot blue flame. Then 
i^ should be repeated again .with the burner's 
air supply reduced so that the fuels burn with a 
cool yellow flame. 
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TITLE: . REMOVAL OF SOLID PARTICLES FROM GASEOUS'' EMISSION . 

OF FOSSIL FUEL POWER PLANTS ' ** 

AREA : * Science • » 

OBJECTIVE: To demonstrate the principle involved irt removing 

solid particles from the gaseous emissions of 
fossil fuel 'power plants. 

MATERIALS': 500 ml graduated cylinder, metal ring, stand rod. 

one-hole rubber stopper, copper wire, induction coil, 
•D.C. power .source, glass tubing, millipore hand 
vac\ium assembly/ rubber tubing/ cigarette 



ACTIVITY: 



discussion' 



Electric prec«ipita»fjs are now widely used to 'prevent 
particulate wastes (fly ash) from beting released 
to the atmosphere through smokestacks „ Charged 
particles, ranging *in size from 0.1 microns to more 
than 200 microns,, are attracted to electrodes of 
opposite charge. In this way as. much as 99.9% 
of the" particulate emissions can be removed from the 
gaseous effluent. 

Assemble the apparatus as shown in the figure and -light 
•the cigarette^ Introduce smoke into the bottom of 
the graduated cylinder by depressing the plunger in 
the. millipore. hand vacuum assembly. When the smoke 
has diffused to the top of the cylinder,, C 6nnect the 
induction coil and switch on the' power. Observe 
.the effects of the electric charge on the smoke 
particles in the cylinder. 

Repeat the' above procedure -using different' sources 
of smoke (-e.g. camphor, incense, ammonium chloride). 
Also introduce the smoke from these various sources 
at different rates and observe the .outcome. 



• ^ '4 , " 

.Does the efficiency - 6f ■ thee model electrostatic 
precipitator vary noticeabl-y, when the nature of~ 
^the smoke or- the rate of smoke production is altered^ 
In addition to fossil fuel -power plants, name some 
industries where this device flight be used. Are 
there any industries in your community ' that have 
electrostatic precipitators in their smokestacks? 

f - in ^ out ^ th eir cost of installation and their 
efficiency, in removing particulate matter. ' ^hat are 
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some of the environmental consequences that irtiqht 
be expected if electrostatic precipitators are 
not used in t a heavily industralized area? 



Induction 
coil 



C|C. power 
source 




Rubber 
tubmg 

— Large graduated cylinder^ 



^Metal ring stand rod 

— Glass tubing 

— Large 1-hole rubber stopper 
y — Smokp outlet 
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Model of an electrostatic pj^cipitat 



Mtlhpore hand 
vacuum 
assembly > 



or 
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TITLE: 
AREA: . 
OBJECTIVE; 



MATERIALS: 



ACTIVITY: 



4 



ENERGY AND MAN'S ^ENVIRONMENT . . * 
Science, Sodial STxidies 

Given the opportunity to complete a* depletion' 
' of fossil fuel reserves, the student will be 
able to consider its effepts on other elements 
of a quality life. * % 

, Various lengths of scrap yarn, macrame* cord or / 
string; -blank ' sheets. of paper; felt-tip markers' 
or croons' . . * 

Explain to students that on^April 20, 1977, 
President Carter, in his energy addrdss, njac^e sever 
.references to "quality.^of lif e. n f* What is meant by 
phrases such as "quality of lif el " "high standards 
of living/ 1 and the R gc>od life?"! 'On a chalkboard 
or (Overhead projector write " ELEMENTS OF THE GOOD 
LIFE," and ask students to brainstorm tho^e^ aspects 
products, services, necessities — which, appear to be 
vital to our w£y of "life/ Examples are: trans- 
portation Nsy^tem, food, petrochemicals, fossil fuel 
conraunications, aesthetics, electrical appliances, 
housing, \lpws # sanitary services; industry and 
countless- others. " ' 

Ref ine and consolidate items on the master last \mtil 
the total equals 'the number of students in your c^bass. 
Assign each student to play theVrole" of a par- 
ticular,good lrfe element, using the blank . sheet "of 
papers to make a "name tag." Make one for yourself' 
which reads "Government." 

Instruct st.udents to startd and arrange themselves in- 
a curcle, using lengths of yarn to connect them- 1 ' . 
selves to. other elements of the good life on which 
they depend. After a few minutes, a web jof inter- 
dependenc ies will emerge. Or course, rrearly all 
elements are subject to governmental control and, if *• 
you are standing in the middle of the circle, you 
will become hopelessly, entangled — much to the delight 
Qf your students. 

When the completeness of the web- 'becomes apparent, 
simulate a production crisis of the fossil fuels 
(or just oil' and natural gas) by asking those students 
to carefully remove their strings from other elements 
which depend upon them. The result is a frightening 
simglif ication of /the w£b. 



FURTHER DISCUSSION 



In the same way that ecosystems face potential 
collapse due to removal of components,, so does the 
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web' of good life elements when the fossil fuels are 
removed. Discuss the' fact that the strength of our 
social system which depdnd's-on many apparently 
distinct elenfents is maintained by diversity j 
,weakene"d by simplification and almost totally de- 
pendent on the fossil fuels. 
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TITLE: 



SYNTHETICS 



AREA: fc Science, Home Economics, Social Studies' 

OBJECTIVE: * To discover the relationship between synthetic • 
materials and th^ oil chemicals and energy used 
to make them. r 



MATERIALS : 
ACTIVITY; 



None 

1. Aslcf If you took off all the clothes you 
are wearing which were made from synthetic 
materials or fibers, what would you be wear- 
ing? (Possibly not much more than part of a 
pair of sneakers and 'a smile-.) 

2. Make a class list of the synthetics being 
worn . 



3. Ask: "Do we live in an age of synthetics? " . 

9 

4* Investigate the use of crude oil by the petro- 
chemical industry* , (Use 'about 5% of oil supply 
to produce the chemicals needed for the manu- 
facture of synthetics . ) 



5, Take a class field trip to a-shopping^inall t'o . 
survey the store windows for synthetic products, 
(Do not go into any of^the stores,) , " 

6, At the end of the field trip,, make a li,st of the 
synthetic products seen by members of the v class. 

7, Divide the class list of synfh^tic products 
into the following categories,/ those which: 

. a*, make life Easier 

b. make life more comfortable 

c. make* life more enjoyable 

d. make life more wasteful 

e. make life more efficient x 

8, Determine how many stores would have things to 
-sell if -there were no synthetic products, 

9, Investigate the* substitutes for the 4 se and other 
natural products — wood, leather, cotton, wool, 



oil. 



FUR' 



3^ 



DISCUSSION: 



1. £hec]£ .your own list of synthetic possessions. 
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\ Discuss how synthetic products "have changed the 
form and amount of packaging by industries 
(.use the yellow pages to get a list of industries 
affected) • 

* *- 
Discuss th$ pros and cons of modern packaging. 

Si 

For each item on the class list, of synthetic 
products, determine the natural materials that 
were replaced and the effects on the industries 
that market the natural materials, * (Effect of. 
nylon on cotton, for example t) 

~ Synthetics^ have replaced natural materials in many 
manufacturing processes. Investigate the effects 
of this replacement on people and sections of 
the nation. (For example, effect on the South 
of changes in textile manufacturing,) 

Make a mural showing life before the invention of 
synthetic products, 

$ .. S " 1 • 

Devise a ^synthetics-energy conservation program 
fpr; 

a* yourself 
b % .your school 
c* your home 

d. your community, * 

.Ask: "Should we save ttfie of crude oil used 
.by the petrochemical industry?"- (Consider 

your discussion in relation to the number- of 

stores dependent on synthetics.) 

Add to tip cJLass energy vocabulary list. 
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OBITUARY TO A "GAS GUZZLER," • 
Social Studies, 1 English 

To discover the relationship between energy supplies 

and automobile engine efficiency. * 

Pen and paper * 

1. Read this to your class,: t A television news story 
stated that "An association of 'owners of R0IIS7 
Royce automobiles is lobbying for special con-' 
• sideration for their gasoline needs in the event 
of. a gasoline shortage. Their reason: they are 
unique, and their five mile-per-gallon 'gas 
guzzlers' are an important element of the good 
life of America antf should be maintained, " The 4 
owners also expressed their willingness to pay a 
penalty tax of $500 to $1000 to offset their high 
use of energy, 

2 % Ask: "Do you think the, large, luxury car owners 
have a valid * argument?" 

3. Discuss the pros and cons Qf -their case, 

* 

4. Ask: "t)o you believe a penally of $500-$1000 
would make up .for their excessive use of gasoline? 
(Their cars cost up to $75,0000 / 

5. Check with your local big-car dealer to determine 
^ $ny changes in their automobiles since ' the oil 

crisis of 1973 in: % 

* 

a. weight of automobiles , 

b. gasoline efficiency in miles-per-gallon 

c. sales volume 

d„ advertising Efficiency vs. luxury) 

6. Survey small-car dealers to determine any change 
in the number of "big-car owners who haVe* traded 
in their "gas guzzlers" for a small automobile. 

7. Investigate the availability of diesel engine 
automobiles. 

8. Write an obituary to a "gas guzzler." 

9. Design an epitaph -to a "gas guzzler." 1 

11 ' } * 

10. Ask: What will take the place^of the large 

luxury bar in the dreams of peOprle?" , • " 

11. Write a poem on the new dream. ? 

208 
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Write a class skit showing the last owner of* 
a "gas guzzler 11 trying to buy gasoline. 

have the class observe a moment of silence for 
the last "gas guzzler, " 

Compare the worst "gas guzzling" automobile 
with a yacht or private airplane. ' 

Ask: "is a compact car saving gas driving down : 
a highway, as its bumper sticker says?" 

Play a game filling in the blank with one or 
two word endings. Student *with most words 
wins. (For example: An automobile is saving ( 

energy when it is_ (parked, tuned- 

up, coasting, turned off, etc.) < 

Add to the class energy vocabulary list. 
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OFFSHORE OIL 



A 



Science /Oleography / Social Studies, History, Art 



To discover the relationship between crude oil 
supplies and the search for oil "offshore," 

Library, pen and paper 

1. Man has drilied deep into the r earth of the 
continental U.S. Now there is increasing - 
discussion and controversy about offshore 
oil. 1 Ask; What is offshore orl? (Oil 

in the continental "shelf in relatively shallow 
water.) 

2 . " Examine a map*which shows the location of the 

continental shelf along the coasts of the U.S. 

3 V Find pictures of offshore drilling platforms,, 
during construction and in operation. 

4- Ask: ? "If -there is plenty .gf oil left as the pil 
companies say, why are .they drilling in the hosti 
environments of the offshore wells?" (North Sea, 
* Arctic, etc*) 

5,. Look on a map of the Channel Islands "off the 
California coast, scene of recent offshore ex- 
* ploration and drilling. 

6* investigate the dangers of drilling"^ this 

area. (Wells are located in a major. earthquake 
zone — the San Andreas fault.) * • 

7, Investigate the oil well "blowout" which^olluted 
the beaches of Corpus Christi, Texas in 19,7-SU 

8. Locate tfta Baltimore Canyon area off the Atlantic 
coast. Then re&d abour recent attempts to find 
oil and gas there. 



9. Investigate the procedures for obtaining a lease 
from the U.S. Department of the Interior for/ 
drilling rights in a^eas of the continental "^helf 
* * 

10. Investigate the problems of constructing drilling 
platforms in deep and stormy offshore areas. 

9 

11. Describe the world when there is* ncfmore- oil to 
be found. % y 

12. Read oil company reports and advertisement^/to 
find evidence of aesthetic or* environmental con- 
cern (or lack of it). . x 
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Read about the gre^t,oil spill at a' Chevron 
platform in the Gulf of Mexico in *1970 and 
the Mexican 'well in 1979/ 

In an Oil company advertisement, comedian Bob 
Hope drives a golf ball off an , of fshote< plat- 
form, Draw a picture of yourself using a plat- 
form to do your favorite /thing. _ 

Draw a mural to shbw the process of offshdre 
drilling. ' 

* * 
Investigate the effects of drilling platforms 
on marine life. (Act as artificial reefs'* 
generally thought to be favorable to marine 
lif e, ^although £here is some concern about 
possible long-term effects of spilled oil and 
other chemicals'. ) 

Discuss whether oil companies* would be drilling 
offshore in* the Arctic if' there were plenty of 
domestic Supplies wKich needed only financial 
incentive (profit) .for development.' 

Add to the class energy word list. 
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TITLE:' 



OIL FROM ROCKS 



AREA: 

OBJECTIVE : 

t 

MATERIALS : 
ACTIVITY: 



Science, Geography, Social Studies, Art c 

To discover the relationship between energy forms 
and the natural forces which caused their formation. 

Pictures, library 

1, Ask: I'D id you ever hear of. oil that is not a 
liquid?" (There are two solid forms-s-oil shale 

* and tar sands, ) 

2, Collect pictures showing the process of recovery:* 
•of oil from oil shale rocks. ; ^ * 

3, Locate, on a map of the U.S.. the Green River 
Formation where Utah, Wyoming, and Colorado \ 
meet along the Green River, a tributary of the \ 
Colorado River. 4 

4, Find out how oil was bound into the rocks. 
(Caught in clay sediments Wfrf^h were turned 
into, shale by heat and pressure.), - 

5, p Describe the oil/ in shale. (Called kerog^H-, a 

gas^like material wh,ich melts at 45.0-600 degrees 
/ Centigrade r releasing vapors that can be converted- 
to shale oil.) 




6. Ask: ^"How much oil is there in thfe Green River 
Formation?" (Two trillion' barrels , many times 
, the amount ^pf all this easily available oil in 
tKe-U..SO \ I 



7. , Investigate 'the processes, and t'he^ energy required 

for .recovery of oil: # " . ♦ 

' — ? - 

* a. above ground * (energy for^ mining, crushing 
heating, waste disposal), 
b. , in situ (in place -in tjie rocks; heating 
rock, oil recovery, wasjfe) . 

8. Investigate the rjecovery problems with each 
method* (Above ground - rock h^s to be mined, 

♦-crushed, heated, then waste removed. RpcSks 
expand when heated, so amount of waste Material 

- is greater than original rock; in situ - rock 1 
has to be broken up by pressure, chemical ex-, 
plosives, or ^a nuclear explosion, then heated * 
to release oil.) 
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Investigate the environmental problems. 
(Vast quantities of water; required - could 
•seriously affect already over-committed flow 
of the Colorado River"; waste rock areas im- 
possible to revegetat|s without water, if at 
all; area will become' a barren wasteland, 
devoid of wildlife.) 



10. Investigate the sale and" leasing .of oil shale 
lands by the^.S. Department of the Interior. , 

.11. Ask: "Why should the government sell lands 

containing trillions of barrels of oil to 'oil 
companies for a few dollars an acr"e?" (That's 

i what the laws for mining require.). 

12. Discuss the pros and cons of encouraging the 
development of our. oil shale reserves. (Need 
versus probl,gm§.) ' 

13, Ask.yshould We destroy a beautiful section of 
our Western mountains so we can continue our 
oil-spending and energy-wasting spree?" 

14. What are the-aiterriatives? 

15, Investigate plans to recover a similar type of 
Oil from the Athabasca Tar Sands in Canada. 



Draw a picture of yourself 'around a campf ire 
lined with oil shale rp'cks. 



16 

17, Add to the class energy vocabulary list 
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TITLE : 



PETROCHEMICALS 



:AREA: 
OBJECTIVE : 



MATERIALS : 
ACTIVITY 



Consumer Education, Physical Sciences, Social 
Studies - 

The student should be able to: (1) list some 
manufactured items for which fossil fuels serve- 
as raw materials and (2) describe the "petro- 
chemical crisis" in terms of the- "energy, crisis . 11 

Pen, paper v * ~ 

1* Stude.nts may make a list of those thing^ for 
which fossil f ueJL£^re^sed. Discuss the 
difference between using fossil fuel as an energy 
source to power a process (such as transportation) 
and its use as a raw material in the manufactured 
item <# (such as, tires) . ^ 

2. Using' this list ari£ the extensive listing on 
the next page, hav£ students speculate how 
our life styles may be forced to change as - 
the abundance of fossil- fuels dwindles. 
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' BESIDES GAS FOR YOUR CAR AND HEAT FOR YOUR HOME, CAN v YOU NAME A FEW OTHER THINGS OIL IS 
USED FOR? HERE'S HELP: \ 



oo 



Credit cards 
* Eyelashe& 
Aspirin ' / 
Permanent-press clothes 
Oxygen masks 
Golf balls 
Ink 

Lighter fluid 
Heart valves 
Hair spray 
Crayons 

Steering wheels 
disposable diapers 
j^Fbod wraps . 
Laxatives 
Parachutes 
Trash pans 

-Telephones M ' ' 

Enamel f • 
Wall coverings M 
Transparent tape' 
Acrylic paints 
Antiseptics 

Vacuum* bottles 1 1 
Shoe threes 
^Safety flares 
Overcoats 
<Upholstery 
Ping-pong paddle3;< 
v Bubble ,bath 

Purses k £j 
Bookends y 
Uniforms 
Phonographs 
Hearing aids , 
Welcome mats • 



Pacifiers « 
Dresses 
Cassettes 
Track shoes* 
"Dominoes 
Fences 
Luggage 

Kitchen counter tops 

Antifreeze 

Protractors 

Earphones 4 

Flashlights 

wtiistles 

Motorcycle helmets 
Carpet sweepers ' 
'.Aiytibiotics 
Checkers . „ . 

Chess boards 
Shower doors 
Soap dishes ' iV * 
Yardsticks 
Slip covers 
Shoes # t 

Pa4dles 
Decoys y 
Volley ballS — - ' 
Tobacco pouches 
.Sleeping bags 
Pencils 

Electrician's tape 

Smocks ^ 

Tennis balls 

Tires- 

Tablecloths 

Measuring cups ■ 

Rulers 



Ring binders 
Tote bags 

Dishwashing liquids 

Unbreakable dishes 

Toothbrushes 

Extension cords 

First-aid kits 

Notebooks 

Combs 

Watchbancls 
Darts 

Toothpaste - 
Flea collars 
Tents 

Plastic varnish , 
Foot pads 
' Refrigerants 
Rugs 

Nightgowns 

Sandals 

Hair curlers. 

Lamps • 

Lipstick 

lee cube trays 

Visors 

' Swimming pool^ liners 
Electric blankets 
Ear plugs 
Digital clocks' 
Draperies 
Life jackets ~ 
Audio tape 
Car battery case'a 
Insect ^repellent 
Hockey pucks 
Ice buckets 



Fertilizers • 
Hair coloring 
Knitting yarn 
To.i^et sea^s y * 
Towel bar^ 
Denture adhesive 
Frisbees 
Hair 'rollers 
Light fixtures 
Movie film 
Panties 
Fishing boots 
Candles' 
Hairbrushes 
Water pipes . 
>&aitar picks 
Switch' plates 
Shower cur'tains 
Spdhges^ 
Beaqh balls 
Sunglasses 
Bii*d houses >>t^ 
Bathinettes 
Stuffed animals 
, Soft CtSf^tact Senses 
Dice , , - 

Thermal blankets 
Drinking straws 4 
Hand lotion 
Shampoo 
Shaving cream 
Aquariums 
Afghans 

Car mats K 
Dog" leashes 
.Trash bags 
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PUT THE HORSE BACK IN HORSEPOWER AND 
MAN BACK IN MANPOWER 



U.S. 'History, Agriculture, Civics , v 

Students should be able to: (1) Interpret graphs 
and tables, (2) identify the cause (s) that lead 
to substituting one resource for another, and* (3) 
analyze the ef f ect (s)— of resource substitutions upon 
the rate and amount of energy use * % 

Slide Tables I-III* ' 

'A good way to begin this lesson is to provide an 
opportunity for your students to brainstorm for ex- 
amples of some of 'the resources needed .today to produce 
a crop. Choose corn as a starter. Brainstorming, qf 
course, 'offers the free exchange of ideas with all 
suggestions entertained. Later you can suggest that 
the students may want to revise the list of suggestions. 
Some ideas are: human labor,, animal labor, machinery 
(tractors, harvesters, etc.), fertilizer, gasoline, 
LP Gas (propane) , electricity, buildings." The list 
can go on and on. 

You may wish to go over the meaning of the term 
resource if students have difficulty getting ^started, 
(i\ resource refers to available means; a new or 
reserved source of supply or support*) 

Move the lesson forward by asking: How have resources 
changed since, say, George Washington^ day? How have 
they changed .since 1910? Which resources had wider use 
in 1910 than today?-* Would the use of gasoline, fertilizer 
insecticides,, and machinery be greater today than in 
1910? Wl|ien might you „see more people working on farms-- 
today or | in 1910? 

To have students consider factual changes, rather than 
.merely speculative oites, distribute copies of Table I, 
Explain that the information refers to ^selected resources 
.used on American farms • Each yearns data is expressed » 
in percentages of the use of a resource in 1910, In 
other words, the^ use of farm machinery in 1970 is shown 
as 505%, Another way of saying* the same thing is that 
in 1970, machinery was used 5,05 times its use in 191Q. 

After developing an understanding of the substitution 
of machines and Agricultural chemicals for human 'labor 
and "animals in American agriculture, the next question 
for your students to consider is why did this happen? * 
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To advance thinking, ask for student ideas in another 
brainstorming session. Suggestions could include: 

1. Machines are cheaper, 

2. Machines can produce more. 

# 3, Machines can be fairly easy to handle, maintain, 

and are dependable, 6 j 0 m 

It should become clear that a farmer* wikl logically 
try to proddce the most crgps at the lowest 'cost, in 
order to intake the most profit, , 

What information would be needed to prove or disprove 
the hypothesis that machines, are better? 

A, To' show changes in costs ,,*have the students look 4 
at Tafrle II, (Hetfe data are presented* as per- 
centages of their 1950 level.) 

Note,: The questions should ,show the relation • * 
between thfe decline in farm labor an4 the 
, increase in wages. Also, the small increases 
in fertilizer costs can be seen as contribu- ' 
ting to its increased usage. The rapid in- 
crease in farm real estate prices* are con- 
sidered a possible factor, in keeping land 
use down. *• ' 

B. To look $t changes in farm productivity , have 
students look at Table III. Here, depending upon 
the background of the students, the teacher may 
wish, to discuss the concept of productivity. (The 
measure of output (production) per unit*' of input, 
meaning resource.)- You can- illustrate productivity 
by the follbw-Xng example: 

A farmer has a herd of* dairy cows,, and with the 
help of three farm hands, obtains TcfO gallons, of 
v milk per day by milking the cows by hand*. If *he 
replaces the extra men with a -milking machine,* 
and does not increase his .time o spent milking, 
production increases by 20%. This is a change 
in productivity sincfc output (milk production) 
* divided by input (labd^) went from 100/4 to . 
120/1 or from 25 to 120/^a 380% increase. ■ 

% In Table III, this is shown -as "Farm Output Per 
Hour of Farm Labor." A more complete measure 
of productivity would include, however, the- dost 
of all resources used in the production of milk. 
If, by replacing the three extra farm hands with' the 
milking machine, the costs of milking go from 
$40 to $60, then the butput .divided by total 
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Teacher Notes: 



costs went from 100/40 to 120/60 or from 
2,5 to 2— a decrease of 20%, * In Table III 
this more 'complete measure of productivity is 
labeled "Farm Output Per Unit of Total Input," 
Both measures of productivity are expressed 
as percentages of 1910 costs* 

The last questions should help the students 
see that productivity has increased as a result 
of the substitution of machines and chemicals 
for labor and animals. Since the costs of these 
new resources are relatively high, output per 
unit of total inputs has- increased at a lower 
ra^e than output per man-hour. 

Finally, * the student should be aware of the effect 
,that resource substitution in agriculture has 
• had on energy effect. You might wish to present 
the idea of energy use with the following intro- 
duction and questions,* 

Since we are becoming increasingly more aware 
of the scarcity of our energy ^resources, it is 
important to see how energy use in. agriculture 
is related to the energy shortages today. 
Remembering that energy. is a comppnent of all 
resources used in agriculture (for instance ( 
fertilizers* are produced* from natural gas f 
pesticides use petroleum and/ of course, farm 
machinery* uses gasoline)., 

1, What change, do you feel has taken place in 
energy in U.S, farming? 

2, What have fcreen the causes for the change in N 
energy use? 

3, If from 1940 to 1970 farm production in the 
U,S, has increased by 60%, do you think that 
energy use has increased at a greater, lesser, 
or same rate as production? (Energy-use 

from 1940 u tb 1970 , increased by 34%, 5 times 
greater than the increase; in production^) 

4, What resources used in modern* American farm- 
ingNconsume the greatest amounts of energy? 
(FueA for machinery and fertilizer.) 



The main purpose of this lesson is to present your students 
, with* information concerning the substitution of machines and agri- 
culture chemicals for animals and hum^n power in American agriculture 
since 1910* The learning activities involve the student in inter- 
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preting graphs and" tables that show how American farming has 
become increasingly energy-intensive \ The lessori~ncan best fit: 
into existing IKS, history courses, particularly in -segments 
where students investigate the changing nature of the American 
economy and^Bociety in the 2.0th Century. It can also apply to " 
issues ,under consideration in Economics, and Problems of * 
Democracy (Civics) courses . 

Answers to Student Question s . (Table I) 

= ; 

1. Each decade has seen a rapid rise in machinery use, chemical 

. fertilizers, and a decline in the use^of human and animal labor. 

2. Decreased: Use of human labor 

Use of animal labor - * 

Increased: Power and machinery 

Stayed About the Same: Value of Real Estate 

3. If we lump them all together, the answer would be in -the decades 
1940 through ,1960, Separately, the answersSread: 

Labor 1940-1960 
Animal 1940-1960 
Fertilizer 1950-1960. ' " 

4. Mechanical power and machinery 

5. Animal manure, chemical fertilizer , 

Answers to Student Questions tTable II) 

1, Decreased: None 

Increased: Farm wage rates * 
* Farm real estate 

Farm machinery * 

Stayed' About the Same: Fertilizer costs 

*• » * * 

2, Farm real-estate 

3, Among the 'possible responses there is a relation between the 4 
decline in farm labor and the increase in wages. Also, th£ 
small increase in fertilizer qosts can be Seen- as contributing 
to its increased use. The rapid, increase in farm real estate 
prices may be a factor in keeping land use down, 

- • \ 
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Answers to Student Questions (Table III) * 

1. Farm productivity as measured in units of input has steadily 
increased since 1910. 

2. Decade from 1950-1960, 

3. Huge increase in the use of power machinery . and fertilizer 
S are among the most important, 

> *■ . *> 

4. Productivity has increased as. a result of the substitution o'f 
.machines and chemicals for human labor. . Since the cost of 
these new resources is relatively high, output per unit of' 
total* input has increased at .EU-lowes rate than output per man 
hour. ■ .' ^ t 

Reference: National Science Teachers Association, 1976.* * ■ 
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* , ' STUDENT QUESTIONS 

/ r i 

frABLE I s 

1. How do the figures suppoft your thinking about changing resource 
use on the farm? 

. 1 

2. Which resources have declined in use? Whi6h have increased? 
% Which have stayed about the same? 

3. In which decades did 'animal, fertilizer, and labor use change 
the most? * 

4. As the^use of farm labor, horses and mules has declined, what 
resources have taken their place? 

5. What was the major source of fertilizer on 1910 farms? What 
has taken its place? 



TABLE" II , 



1. Which prices have increased, decreased, or stayed about the 
same? * ' 

2. Which prices have increased the most? ' 

3. How have the increases in the costs of farm resources affected 
their use? 



Stable hi ^ * 

1. Hovf had farm productivity changed since 1910? # 

2. DuringS*hich decade has productivity changed the most? 

3. What are possible causes for this- 'change in productivity? . * 

4. y Why has farm output .per unit of total input changed^by ^a lesser 

degree than output per hoilr of farm labor? > K^S* 
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TABLE I 

Quantities of Selected Farm Inputs 



Year 



La.bor 



H 
to 



1910 
1920 
1930 
1940 
1950 
1960 
1970 
1975 



100 
107 
102 
* 92 
68 
46 
29 
27 



Horses 
and Miles 



100 
102 
78 
59 
31 
14 
NDA 
NDA 



Value 

of Farm « 

Real' Estate, 



100 
" 98 
99 

100 • 

101 , 
96/ 
95/ 
92 



Use of 
Mechanical 
Power and 
Machinery 



100 
160 
200 
210 
415 
475 
505 
530 



Tons of 
Fertilizer 
And Other 
Agricultural 
Chemicals,, 



100 
133 
183 
233 
500 
833 
1830 
2262 
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'" y ' TABEE II * 4 

''Prices of Selected Farm Resources ' ' f 

(All quotations ;are on Adjusted Dollars) ^ 



Year 


. Farm 
Wage Rates 

> 


„ Farm 
Real Estate ' 1 


FaiU 

Macmnerj 


Fertilizer 


•1950 
1955 
I960. 
1965 
1970 , 


100- 

121 

148 

171 

255 


ioo : 

131 

171 ' 

214 

286 


»1Q0 

11-3 ' • 
138 
. 154 
194 


100 
108 
106 
106 
103 


— ! — r~ 











Source: U.S. Department of Agriculture' 
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TABLE III 
Farm Productivity 


1 
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Year 


Farm Output 

- Per Unit of 

Total Input 




J 


Farm Output 
Per Hour of 
Farm Labor 


* 


H 

VO 

t 


1910 
1920 
1930 
1940 
. 1950 
1960 
1970 
1975 


100 
100 
\ 107 
' 128 
139 

172 ^ 

187 

206 


j 

1 

s 




100 

124 
200 

' 382 
-653 
806 






Source : 
• 

> 


U.S. Department of Agriculture 

• 
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TITLE: 
AREA : 

•OBJECTIVE : 



IMPORTANCE OF FOSSIL FUELS AS CHEMICAL RAW MATERIALS 
.Science V ^ 

To understand the importance of petroleum and nati^al 
gas as chemical raw ~Tna1;erTaTi T. 



MATERIALS: Library, bulletin board' material 



ACTIVITY: 



9 " 



3. 



Have two or three students do encyclopedic research 
to ascertain, the tremendous- number of products 
being made today that use petroleum and/or natural 4 
gas as a basic natural resource material. The 
list whiph could be illustrated in* an effective 
bulletin board display would include such things 
as lacquer, varnish, paint thinner, soap f mineral 
oil, salves, ointments, candles, detergents, 
waxes, asphalt, pitch, rubber, plastics, synthetic 
fibers, explosives, fertilizers, .and many, many 
other important industrial chemicals. >Have the 
other students do a report on the list. 

It has been indicated that petroleum and natural 
gas are so critically important as "chemical stoc<k" 
-for the future that it is a very serious mistake 
to use these substances simply as fuel. 

Have the students' who did the research suggested 
above to lead a class discussion focused on the 
above idea, .What responsibility, if any, does the 
present generation have for future ones in .using 
these substances simply as fuel? 

If we reduce the use of petroleum and natu'ral gas 
for fuel> rthat substitutes might be or are avail- 
able? What other actions are possible? 



\ 
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TITLE: DETERMINING PRIORITIES: ALTERNATE METHODS OF 

GENERATING .ELECTRICITY 

ARE^: Science 

'OBJECTIVE > 4 The student will develop an understanding of the 

' many factors involve^ in determining priorities for 
funding., 
i *.-««» 
t x MATERIALS: ' All materials used in this unit 

•ACTlJppTY: Have students study the listing given below of al~, 

ternative methods of electric, power generation. After 
considering existinq or available technologies and 
0 the economic, social, and environmental costs and 

benefits (advantages/disadvantages) of each m'ethod, 
they should then rank the items in order of their 
importance for receiving research and development 
, funds, Studerfts should be able to defend their 
rankings, 

^ % Rank Items According to Importance: 

(l=Most Important; ll=Least Important) 

V" • ■ \ - 

_j Hydroelectric , ' ~ 

'oil 



Nuclear 

JRefuse ^resource energy) 



^ Coal ** * 

\j / W ind s * 
t 

Nuclear (fusion) 
]__Ocean (tide^ , currents) 



_Natural Gas 
Sdlar 



Geothermal 
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TITLE: 



HOW LONG* MIGHT OUR OIL AND NATURAL GAS LAST? 



AREA u 
OBJECTIVE: 



Science, Social Studies , English, Mathematics 

Students will discover the limits of the supplies 
of oil and natural gas. 



MATERIALS: Activity sheets 

ACTIVITY: Students will complete the activity "How Long 

% Might Our Oil and Natural Gas'Last" which' follows : 

HOW LONG MIGHT OUR OIL AND NATURAL GAS LAST ? 

Both liquid petroleunv which is more commonly called x 
oil, and natural gas $,re fossil fuels. Like coal, 
they were ^formed by the chemical^ changes of ancient 
plants and animals over millions of years and were 
trapped in rock layers of ■ the earth. 

Gasoline that runs our cars, trucks, and- planes is 
made from petroleum. So are paints, insecticides, 
. fertilizers, and many other manufactured products. 
Natural gas is a clean-burning fuel that heats many 
of our homes, cooks our food, and serves- industry. 
Together, oil and natural gas supply 76 ^percent of 
our total energy needs. 

Read the following items; then see if you can determine 
' .how Long our oil and natural gas resources might last. 

Item #l£ During 19.75, the United States produced from oil wells 
about 3 billion barrels 6f oil (a barrel hQlds 42 * 
gSllons) • 

, Item #2: The Federal Energy Administration estimates that our 
? piroved oil reserves in the U.S. (those known to exist 
and to be recoverable) are 38 billion barrels. 

'Item #3: Many geologists figure that it is fairly certain that 
£ . an additional 27 billion barrels of oil reserves exist. 




If this amount of oil'still in the^ 

ground were all we 'had, and if we.J 

^cULd.-w>t- increase or decrease our 

production each" year , in about 
how many .years would the U.S. 
run out of domestically produced 
oil? (Add #2 And #3, and divide 
by #1.) , * 



(#2) 38 billion barrels: 



TTW3J 27 billion barrels 



65 billion barrels 



?(#1) 3 billion barrels 



21+ number of years 
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Item #4: The highest estimate is as much as 127 billion 
barrels* of additional domestic oil still un- 
discovered, - - 

. If Itdm #4 is true, and if we do not increase or 
decrease our production, how many. years might our 
possible total oil resources last? 

< On the, back of this sheet, add #2, '#3, and #4 
and divide by #1. Put the number of years in 
, this sp&ce. } 

64 number of years 

In the same way, determine how long our natural / 
gas resources might last. • ' 

Item #5: During- 1975, the U.S. produced for use about • 
20 trillion cubic feet of natural qas. 

S 

Item #6: -Our proved reserves at the end of 1974 were 
240 trail ion cfubic feet,. 

Item #7: Fairly certain reserves of natural gas are about 
202 trill jx>n cubjc feet, 

«If this amount of domestic natural gas was rail 
the supply we Tiad, it would last about how 'many 
. years? (Add #6 and #7, arid divide by #5. Put 
the answer in this space . 1 • • * 

22+ number of years 

Item #8: The highest estimate of undiscovered natural gas 
resources is 655 trillion cubic feet. 

If this amount is true, about how many years migjtit 
our supply of .natural gas last? (Add #6, #7, and* 
#8, and divide by #5. Put answer in this space.) 

r- 55 • number of years 

, " BUT ...the United States is now using each yeaa:; 

b almost double the oil that it produces from itir 

' own reserves. Where does this additional, oil c^me 

* from? , We b~fry it from other countries . 

What could happen if our uSage continues to inc 
each year? We; Will have to- buy more or run oujt 
sooner i ~ ; ■ — ' 

What if oil and natural gas usagq increases in other 
countries?* Competition for supplies will increase. 
Prices will rise . ' 

At what time in\our life could the U.S. run out of . 
^ oil and" natuiral gas? # * v 



TITLE: 



ECONOMIC .ISSUES AND THE ENERGY CRISIS 



AREA: 

OBJECTIVE : 

MATERIALS : 
ACTIVITY": 
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• Economics, Free Enterprise, Consumer Economics 

The student will be able to describe the effects of ' < 

• the enjergy crisis on economic systems. 

* » 

Current newspapers r-B^ws- magazines' 

The American public is fearful of the power of large 
companies and higher prices. The peojble are ^eeply 
concerned that huge oil, gas and electric companies 
will >amass excessive profits while the suffering 
customers pay dearly. The government is therefore 
undeij^fSr^ssure to regulate - prices in order to protect 
the consumer? 

On the other hand, when goods and services are not 
rationed by their prices in a free market, shortages 
and inconvenience, may be expected s # ince something — «. 
if only waiting in long lines — must always regulate 
.consumption 'to keep it exactly equal to production- 

A. ^ 

When are government controls necessary or appropriate 
and when is the free market the only ^satisf actory 
mechanism for regulating the price of a commodity? 
Thip and other fundamental economic issues involved 
in the energy crisis are illustrated in the following 
topics .for discussion . * 

* n 

1. Are shortages the result of lower or of higher 

• prices? Examine the statement below by con- 
troversial economist Milton Friedman:' " • 

"Economists ihay not know much. But we do know 
one thing very well: how to produce shortages 
and surpluses. Do ycfu want to produce a short- 
age of any product? Simply have government fix 
and enforce a legal maximum price on the product- 
which is less than the price that would otherwise 
prevail .Do you want to produce a surplus of*any 
product? Simply have government fix and enforce 
a legal minimum price above the price that would 
otherwise prevail." 

Do you agree with 'this statement? Is it borne out by 
our o experience with oil and natural gas? 

< 2. What effect has the energy crisis had on our day- 
to-day cost of living? Some perspective may be 
gained 'by making a comparison of prices over the 
v past. few years on certain items which require^ • 

large amounts of -energy to produce. Such examples 
as fertilizers and steel will be helpful* WJiat 
has happened to the cost of transporting goods 
and materials? 

199 
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Break your claS/6 into groups, each of which will 
study a company in one of the following areas: 
petroleum, natural gas, and electfic power. 
In each case.have the- students find out whether 
the prices for the^companies 1 products are set 
by- the -free market of by a governmental regula- , 
tory authority.. Lbcal representatives of these 
companies will be helpful in supplying your stu- 
dents with information. 

How high a price would Americans be willing e to 
pay for oil and gasoline in order to eliminate 
their dep^idence on 'foreign supplies* 

Some people are now saying that the oil embargo 
1973 was a blessing in disguise. Discuss with 
your class ftow this might 'be true. 
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INTRODUCTION 
NEW AND UNUSUAL ENERGY RESOURCES 

Three hundred years ago coal wasn't a resource, but a 
»ock. A hundred years ago oil was a sticky nuisance, 
not a resource.' Forty years ago uranium wasn't a 
resource. Coal, oil, &nd uranium became resources 
because the mind of man figured out a way to use them 
beneficially. There is only one real resource in the , 
> world: th,e world of man.... 

i 

— Ben Wattenberg. The Real America 

f ... * ' T 

Today the United States has more energy available than any 
other country, not because we have more resources (we don't), 
but because we know how to use what we have* effectively. Thanks 
to research workers, we have had fuels for energy in the .past. % 
We now count on them to use their imagination and skill to create 
new resources or develop old ones in a new, variety of ways for 
more and better energy *&ef ore traditional energy sources run out. 
Emphasis -must be on renewable resources instead of, non-renewable 
'ones. 



Energy f-rom Organic and' Municipal Waste 

Like the caveman,* researchers look first to plants. They 
hope' to produce fast-gruwing plants that will produce useful by- 
products after converting waste organic ^matter into cjLean fuels 
or pther energy products. By direct- photosynthesis , scientists 
hope to produce hydrogen for fuel. The hydrogen producers will 
then reproduce themselves or be Useable is fertilizer or other 
valuable proauQts. One study at Texas A & M is using anaerobic 
*( without oxygen)^ bacteria from marine and, bacterial cultures to 
break dowry agriculatural wastefs such as chicken manure and cotton 
gin. waste to produce hydrogen. 

. • 9 

Hydrogen is expected to be an ecologically attractive, 
broadly useable, easily stored and transported fuel of the future, 
It is thought the anaerobic nonsulphur photosynthetic bacteria, 
Rhodospirillum rubirum , and the, anaerobic sulfur photosynthetic 
bacterium, Chromatium vinosum , when grown on organic waste, can 
produce large amounts of low-cost hydrogen. 

The Texas A & M study used chicken manure and cotton gin 
waste. These materials ,were collected, boiling water was poured 
over the waste, and the liquid was filtered with a vacuum pump. 
Ttfe marine mud was placed in a one-liter column with 2-4 cm. 
' lager % of meat: scraps and marine mud at the base, covered with, 1 
r 7ram of CaCO^ and CaSO^, and topped with more marine mud and 
seawater. In the presence of light, -good/ colonies of Chromatium 
vinosum developed in about 10 days. S 
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^-2-4 cm. 



Once the colonies had 
developed, they were shifted to 
the filtered liquid media 
described above. Cultures "of the 
Rhodospir ilium rubrum were also 
added to other samples of liquid . 
medium. These were placed in a 
warm bath (30 degrees C.)^;under 
Tungsten light. The gas collected 
was measured by Warburg manomteters. 
In the A & M experiment, it has 
been, found that when the bacteria 
is growing well, ammoniac inhibits 
the enzyme that produces hydrogen; 
when the bacteria ceases to grow 
well, it produces hydrogen. 



Bacteria are being isolated for use in- methane production 
from organic and municipal* waste* * Animals are natural methane 
producers. A coft has thh bacteria, methanum bacterium rumenium, 
in her rumen fluid. It has been said that "10 cows burp enough 
gas in a year to provide^for all the space heating, water heating 
and cooling requirements -for a * small house." Now we do not 
recommend burp , b"ags ^fgdc^-€^s , pbut' we do know that the bacteria 
from their rum£n, lifter waste' has been broken dowr\ by other bac- 
teria, can be used to -make, methane from feed and hog' lot wastes — 
enough perhaps to generate on-site electricity for feed graining 
and home heating for -the individual farmer with fertilizer as a 
by-product. — — * > / 



Forest resfSues* have already produced significant energy to, 
run sawmills and pulping processes. During World Weir II, France 1 s 
liquid fuel supply consisted of methanol manufactured from wood 
feedstock; " r 

Other biomass (agricultural 'wastes and energy crops) may be 
produced from Eucalyptus, sycamore, fast-growing ' sea kelp, sugar 
cane, sunflowers, water hyacinth, Sudangrass, and sorghum. 

Municipal waste disposal problems >are /reaching crisis pro- 
portions. Unlike agricultural wastes which are very homogeneous, 
municipal soljld waste is very v unhomoge/feous and requires sophisti- 
cated separation methods for practical' recovery. Conversion of 
material to fuel may be accomplished in the? following ways: 
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END PRODUCTS OF ORGANIC DECAY. 



'ORGANIC WASTES 



ANAEROBIC DECAY 
(without osf^gen) 




EROBIC DECAY 
(with oxygen) 



"natural" 



"artificial" 



"natural" 



'artificial" 
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water 


animals 



Gases 



Peat 



Bio-Gas 



Manure 



Airtight 
digestor 




Sludge m 



Plant 


wastes 


Animal 


bodies 


Dung piles 







Ammonia 



Humus- 



Open 
compost 
piles 




v 

Ammonia 

CO^ > 



\ 



From: Carol Hupping Stoner 

Producing 'Your Own Power 



Solids 
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SOLAR FUELS 
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Shrtdded 
organ k materials 



Gas to purification 
Product gas or combustion 




Concept qf a unit- for continuous conversion of 
otganic material to methane by anaerobic, fermen- 
tation (without oxygen). (From ERDA booklet, 
s Eaton : Solar Energy . ) . . 
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1. , Burning, shredded trash with coal to heat water. 
~makes steam to generate electricity. 



This 



2. 



Converting solid waste to a fuel-like gas > or oil-like 
liquid to produce electricity or other forms of energy. 



Two types- of organic waste- digesters are used to speed the 
decay. The firs± is a batch-load digester which is filled, 
sealed, £nd emptied when the -raw material has stopped producing 
gas. " The second- is a continuous 
load cligester, fed a 



little raw material 
regularly, so gas^ and 
fertilizer .are produced JU 
^continuously. Each t 
load progresses down the^ 
length of the digester j 
to a point where methane * 
bacteria are active. . £f 
Gas rises to the surface*^ 
and can be removed to be 9 
burned directly for 
heat and light, stored ' ' 
for future use, or 0 
compress.ed to power heat 
engines. , T 



BIO-GAS 
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SUPERNATANT 



DIGESTEMSLUDGi 

(SPENT' SLURRY) 
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--Combustible gas 

— Fertilizer 

— Biologically 
.active fertilizer 

— Fertilizer- 
excellent for 
crops, pond 
cultures 



— Waste? 



ORGANIC. WASTE DIGEST&R 
(Stone£, • Carol. Producing 
Your Own Power , p. 139.) 



* The basic conversion '"processes 
involved in energy farming nfcy be 

-elassified as c fcdologjbal (fermenta- 
tion ^and^enzyme hydrolysis), 
thermochemical (pyrolysis and catalytic .gasification) , combustion,. 

.and advanced processes (biophotoiysis--the direct phgxtosynthetic 
productiopJjM hydrogep) . [ Fermentation" could produce methane and 
alcohol; contfcustipn and thermochemical processes could produce 
me'tHanol; . and pyrolytic/converslon of urban solid w?ste to pro-" 
duce BTU gaseous 4 fuels and oils. ^ % «, w 

the ^ problems ' involved* in setting up energy farms may include: 
competition for land with food and fiber crops, cost pf cfonversion 
facilities > legal, x political, and security problems inherent in 
ocean-based farms, and desalination of water for possible use of 
present nonafable f lahd. J a 

Harnessing the Wimd , * 4 

Intferest in aviation led to the development of more power- 
ful and efficient windmills b^sed on the 'aerodynamics of airplane 
propellers. By 1950, the United States had over 6 million wind- 
mills. Some are , still in use, although most were displaced by 
electricity. Now windmills are again under study for improved 
production of electricity. The energy available will depend upon * 
windspeed, which will limit the areas of .efficient' use . Factors, 
affecting windspeed include geographical lQcation, height above 
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ground, topography, and weather** fluctuations. Tower heights 
must be aesthetic. Rotor designs must withstand at least 125 
mph winds. The West Texas area around Amarillo, Texas is one 
of the most feasible areas of the United States, It has wind- 
speeds of more than 10 mph, 80% of the year. 

Studies are being made^ involving the size of sweep 'areas, 
number and shape of ' propellers, and possible storage of the 
direct current produced. 

At the turn of the century, the United States "had the most 
graceful and efficient sailing ships ever built — the clipper 
ships; they lost out to .competition from the powerful iron- 
hulled steam ships. Now, Germany has developed a full-scale 
17,000 ton modern clipper ship with stainless steel sails -and 
hydraulically turned masts. It is said to take only 5% as much 
fu^l as a simijar conventional ship. 

Water Power from Tides and Ocean 

Engineers have suggested using the rise and fall of tides 
to provide usable energy. When the difference between tides is 
at lecist 18 feet, wate^' may be trapped behind dams as the tides 
come in, then used to turn t water wheels and machinery as the 
tide goes out. One such J&dal power plant was designed for 
Passainaquoddy, Maine. This is located on the c Bay of Fundy on * 
Canada's east coast where 50-fpot tides occur. Another suggestion 
has been to install giant undersea windmill-like machines 
beneath the current of the Gulf Stream off the eastern coast of 
the United States. Electricity would be produced and transmitted 
by long- cables- to the mainland. 

Plans are underway for anchoring floating power plants in 
the Gulf Stfeam and other ocean areas to vaporize % fluids by 
exposing them to the warm temperatures of the uppeT layers of 
the oceans. .The resulting steam-like vapors would turn turbine- 
generators', producing electricity. Suggested operating locations 
are at 200-foot depths. - 
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EARLY 18th CENTURY DUTCH 
PLANE-VANE WINDMILL 
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* Sunlight shining on leaves helps make the* 
food a plant needs to grow. 



The energy in oil, coal and natural gas is 
believed to come from plants and animals 
that years ago lived in the sunlight. , 



Energy from the sun produces electric energy 
in solar cells. Electricity from solar cells can 
power telephone systems. « * 






The heat of the sun causes the air to move. 
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INTRODUCTION 
-GEOTHERMAL ENERGY 
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# • The quantity of heat stored within the center of the earth 
is galled geothermal energy. The decay of small amounts of 
radioactive elements produces the heat. At a depth of approxi- 
mately twenty-five miles the earth is molten and the temperature 
is about 1,100 degrees C. As yet, we do not know how to* drill 
holes deep enough to extract this energy. Fortunately, there- 
are areas where the energy is closer to the surface. These areas 
are identified by surface geyseFs, hot;, springs / and volcanoes. 

Geothermal energy was first utilized some seventy yearsUgo 
in Italy. Today we find geothermal -energy being produced in 
California, 'Italy, New Mexico, Russia, and Iceland, where all the 
island s electric power is derived from geothermal sources. 

; T 

• It has been estimated by the Department of the Interior (the 
Hicke-1 Report) that a well-funded research and development pro- 
gram could result in 132,000 megawatts by .1985 and 395,000 meaawatts 
by the. year. 2000. This represents 16 to 25 percent of the ' " 
anticipated total electrical energy generating capacity in the 
coming years. Dr. Thomas 0. Fitz, Deputy Geothermal 1 Coordinator 
for the V. S. Department of the Interior, disputes this. Dr." Fitz - 
sa^s that the Hickel report was based on the 'known reserves 
rather than- what we' could use after collecting ,and transmitting 
losses were deducted. According to his calculations, by the 
year 1985 we will be able to generate, 4 , 000 "megawatts or 0.2% of 
our needs and by the. year 2-000 we .wfluld have. 40', 000 megawatts or. 
1.5% of our needs. Another' worker , Donald E. white, has also " 
made estimates arid from areas he studied he maintains that the 
world's potential geothermal power is about a third larger than- 
the present hydroelectric power capacity, or about 20 percent the 
total installed electric • power capacity of the United States. 

» Hence, while -geothermal energy is capable- of sustaining- a large 
amount of small, power plants* in a limited number of localities, 
it still^»epresents only a small fraction of the world's total 

^energy requirements, and this is for only a • limited period of « 

tlme ' 'TYPES OF GEOTrteRM^ 



Types of -Geothermal Energy Production 



Dry Steam 



Such 'geothermal systems are fairly 
infrequent and are thought, to contain both 
water ^nd 4 saturated steam, the steam being 

the substance which controls the pressure. 

When a well is drilled, the pressure is decreased and ^he heat 
contained in the r^ks 'dries and superheats the steam as much as 
50 degrees C. Between 50,000 and 200,000 pounds of steam per 
hour is the normal range for a commercial well".- The steam is 
trapped in pipes and conducted to a power station, where it is 
**ed ,ta turn a turbine, which in^turn; generates electricity. 
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The Geysers, California, produces 180 megawatjts of electri- 
city. Valles Caldera, New Mexico, and Jlatsukawar^Japan, are also 
^examples of dry steam fields. The geothermal plant in Lardello, 
^ Italy., was built about 1913 and is&also dry steam powered/ Now 
farms, orchards and vineyards cover much of the land surface 
around the site. 

Condensed Steam 

/ ^ ♦ 

Water in this type- of system picks up heat from a concentra- 
ted heat source and jnoves up in the system. When this hot water 
reaches the surface it is usually observable as hot springs or 
geysers. When the energy is tapped by a jfrell abc^ut 15-25% of 
the fluid "flashes" to steam due to the pressure, released. The' 
temperatures can reach 2 66 degrees C and have pressures between 
, 50 and 150 pounds per square inch at the surface. The steam is 
used to. turn turbines while the water is either discharged at the 
surface or income cases injected 1 ba^js^irfvto thi ground. 

The following areas use this type of geothermal well: 
Wairekei, New Zealand; Otaka, Japan; Cerro Prieto, Mexico; and 
Pathe , -Mexico. 

Water-Surface Injection 

Hot dry rocks overlying^ concentrated heat source such as 
a magnum chamber may provide a source of geothermal energy if 
water is injected from the surface. Gravity will carry the 
water down, and in passing through the> hot rocks it will absorb 
the heat, which causes it t<3 expand, carrying it back up to the 
surface * i . ■ 

An experimental geothermal plant of this sort has been con- 
I structed in the Jemez Mountains of northern New Mexico by* the 
Eos Alamos Scientific Laboratory (LASL) ... They have drilled 2,600 
feet or 1/2 mile into the rock at one edge of a volcanic crater. 
The pressure of the water being forced down into this hot imper- 
meable rock causes the rock to crack, forming a one dimensional 
.^fissure. LASL has found that as they recycle the water through 
< the system, i t £ s not necessary to add' more. This probably 
means that the cracks leak very little water and are .not getting 
larger with. time. Another possible source for this type of well 
fpgs near ^-Marysville, .Montana. 

- " 
In order tq be profitable, a crack must be large enough to 
yield heat for about, ten yea^s. Some people in this field have 
suggested drilling -at a slant which is perpendicular to the 
expected orientation of the f ractures**and then making a series 
of parallel vertical braeks along this singie well line, possibly 
as often as every 30 meters. 
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Ttye following is a* possible diagram of this type of geo- 
thermal well: * 4 , 
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, ENVIRONMENTAL CONSIDERATIONS OF GlSOTHERMAL* ENERGY 

Advantages 

1. Geothermal power cyple is self-contained. 

2. Needs no outsid^ support to maintain it, so strikes by rail- 
, roads, natural 'catastrophes, etc., would not put it out of 

commission. . • * - 

3. Natural phenomenon which^is reliable. 

4. Dry steam geotfiermal wells produce their own cooling water by 
condensing their steam, therefore do^not need extra water. 

5. Does not involve political implications „ of foreign interven- 
tion. * 

iL^„ This is relatively 'inexpensive: 1/2$ per kwh. (Pacific Gas 
and Electric, The Geysers.) * 

7. Hot water geothermal systems will bring into use waters which 
are presently belpw economic* drilling^deptfts — may improve^ 
quality of currently usable wafers. ' \ 

Disadvantages . ' y 

1. ' Many fractures .will need to btt made in areas without naturally 

occurring steam. or wate#. >(See water injection.) 

2. There haye been recernt earth tremors in Colorado due to re- 
injection of watej:^ * 

3. Plants are "dirty, noisy, unsightly", malodorous and possibly 
'dangerous. 11 , (NeVsweek, February 19, 1#73, page 72. J 



.4. 



Steap ^ontains hydrogen |ulphide. 



5. ' Qthery minerals present in waters can poison fish knd other,, 

forms of life in streams^and rivers aftar steam condenses. 

6. Areas which produce ■ energy by bripe method may have such a 
large miner*! content that turbines and wells get clogged^ 

JT ^ 

7. A Mexican ^steam field had about 12.5 cm subsidence; also 
New Zealand* . , , 

» « * • - 

Forbes , January 15, 1973, Vol. Ill, #2, "The Great land Rush of 
r 7l7 ,, 9 ' ^ ^ ■ 

Newswetek, February 19, 1973, p^ge 72. , 

q Power Generation Alternatives , -Seattle City Light, 1972 2nd Ed., 

ERIC page 17. 216 . - 
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QUESTIONS ON GEOTHERMAL ENERGY 



1. What are the three, types of g'eothermal plants? 

2. Do people who think geothermal \energy is the answer to our 
t energy dilemma probably believe in' the Hickel Report or 
'Dr. Fitz's views? Explain. 

3. Can you think of a better way to extract geothermal energy 
from the earth? (Better than the ones already presented.) 

4. What might happen by drilling holes in the earth's crust? - 

5. Why do you think most geothermal sites are located in the 
western United States? 

6. Is geothermal energy polluting? List j advantages and disad- 
vantages. 

/ * 

& 

7. . Where does geothermal ,energy come from? 

8. Is g.eothermal energy renewable? 
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' .ANSWERS TO GEOTHERMAL QUESTIONS 
(For Teacher's Use Only) 

*•* < . 

1. The ^hree .type^ of geothermal plants are: dry steam, condensed 
steam/ and water-surface injection. - ^ 

2. The Hickel Report makes one believe that geothermal energy is 
the answer to our energy dilemma. Hickel f s facts and figures' 
lead one to believe that geothermal energy is much more abun- 

. dant than other workers have estimated. 

3. One possible way to improve collection of geothermal energy 
would be to pump nonpolluting liquid in a, pipe through the 
heat ^source in the earth and to use the hot returning -vapors 
to generate electricity. This is similar to the operation of 
a refrigerator. Note: This is environmentally better but 
economically not very good, since pumps, nonpolluting liquids, 
etc./ add expenses to plant operation and construction. 0 # 

4. Earthquakes, volcanoes might occur from drilling holes in the 
earth's crust. 

5. The western. U'. S. is where faults in the earth's crust pre- 
dominate.. It is because of these faults or M cracks ! [ that 
geothermal energy can be collected. ^ 

6. Listed or? previous page. , ^ 

7. .Decay of .small amounts of radioactive elements releases geo- 

thermal - energy . 

. y * . . 

8. Yes, geothermal energy is renewable" as long as radioactive 
elements are present. and decaying. 
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GEOTHERMAL ENIJRCJJf 



What is Geothermal Energy ? 



ji. "Geothermal energy is created by the natural hear of the 
earth. _ When the heat from " the molten inner core of the earth 
m£ets the underground water, hot water or l steam results. When 
this water or steam pushes through the surface of the earth, it 
creates either a hot water "spring or a geyser (see Diagram 1) . 



People have used hot wate?: 
springs as health baths for cen- 
turies, but only dn the 1900s have 
natural steam and* hot water* been < 
used' for heating homes. , In 1904 
geothermal energy was first used' 
in "Italy to provide electricity. 
Hungary and Iceland started piping 
natural steam and hot water • 
directly into homes in I the 1930s. 
Finally, by the 1960s, /New Zealand, 
Japan, and the United States started 
to build: small power plants that 
used geothermal steam "to generate < 
electricity. Presently geothermal 
energy accounts for 0.1 percent 
of the world 1 S: electric power. 
The largest United States "field, 
California's The Geysers, pr&vides 
about 500 Megawatts* of electric 
power. 

Tapping and Using Geothermal Energy 



DIAGRAM 1 



Pipe to 
Power Plant , 




Wntor filled porous rock 




Magma - Molten- rock 



' Geysers indicate that in the surrounding area hot underground 
water and steam are near- the earth's surface. Once the geysers 
have* been located, 
and its" 6 outer layei 
tuire of the geothe] 
yzell is dug near a 
large pipes to its 
natural ' steam may„ v 
electric plant. - 



a geologist, a scientist who studies the earth 
>r, investigates the size, volum$,* and tempera- 
>rmal systda^. " If conditions are favorable, a 
geyser and che- steam is channeled through 
destination (see Diagrafh 2, next page) . This 
be piped directly to homes or to a nearby 




eric 



When natural steam is piped directly -to a home, it fills hot 
water radiators and provides heat. More often today it is piped 
to an electric plant and is ■ used directly to turn the turbines 
and generate electric power. Then this electric power is 



*A watt i^e ^measure of electric power: the rate at which electric 
energy is produced. A megawatt is one jnillion watts. For 
reference, a typical football or baseball stadium uses aboat a 
megawatt of electric power for night lighting. 
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transmitted through wires into individual homes. Inside a home, 
electric power can heat either by using an electric hot-air fur- 
nace or by using, electric space heaters. Electric power can cool 
by using individual air conditioners or a centrally, located farce 
cool air system. * ' 



How 



1^uch Geothermal Energy is There? 



At the* present time geothermal energy provides 0.1 percent 
of our electric powers and only isolated examples of direct steam 
power for homes. It is limited to thosX areas where geysers 
exist. In the^United States, most of these areas aife located in 
the Western states. Geothermal springs are. located in Idaho, 
Nevada, Colorado, New 'Mexico, Oregon, Wyoming, Utah, and Montana 
.(see map of Geothermal Regions, next page)/ The mor'e thorough study 
now under way will, no doubt, locate many more sources not visible * 
on the land's surface. * 

Steam is nc>t easily transported long distances, therefore, 
ge6thermal-electric power plants are located on the geothermal 
sites*. Relatively small, they service only the local area. The 
Geysers Plant in California provides half of San Francisco's 
electricity. . , 

How Much Does It Cost? 

One of the most attractive qualities of geothermal energy is A 
its low cost. The initial cost of locating reservoirs of-' natural 
steam is fairly expensive, but natural steam itself is very in-' 
V expensive when compared to nuclear and fossil fuels. Natural dry 
steam (steam without any water droplets) is available at about 
$0.70 per million British Thermal Units (BTU) *. If steam is 
piped directly to individual homes, the average cost of heating 
with dry natural- steam would be about $92 per year. 

When dry natural steam is used to create 'electric power, it 
is al?o less expensive than nuclear or fossil fuels. An estimated 
cost Tor geothermal electric heat for the average American home 
would be about $200 per year (see Table, Regional Cost of Geo- 
thermal Electric Energy,; on next page). 



1 BTU = one-fourth of -a Calorie. 
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This is about one-third' the co^t of oil-generated .electric 
_ heat and one-half the. cost of nuclear-electric heat. So the 
, t relatively 'low cost o¥ geothermal-electric heat makes it a desira- 

ble alternative for heating and cooling homes where -it is . 
available. 

How Does It Affect Our Environment? 

v * 

The use of geothermal "energy can have adverse effects on the 
surrounding land are^ and on 'the people and . animals who live there. 
Most geysers and hofwater springs are present in scenic areas 
with unique Landscapes.. Yellowstone National park is one area 
where geysers, such as , Old Faithful, are located. People often 

^ object to "spoiling 1 ' these landscapes with geothermal wells. 

Tapping geothermal energy would require the construction of roads, 
ponds, wells, large above-ground pipes, and an electric power ^\ 
plant. In. addition, cfeotherma.1 wells require a ventilating systero 
to prevertt the loss of the well due to condensation. 'Noise from 

• an ,unmuf f led well has been compared to a jet plane on takeoff. - 

. When th£ steam and flu-ids of a A geoth£rmal reservoir are removed) 
the ground may '.subside ,* or* sink, a little. In residential ' areas 
this would preate problems. One solution to this is to pump 'the 
used "water ( |fcnd fluid* tfack into' the' earth a£ter they -have been 
us^d. * * , 

. Geothermal energy also • af f etfts the v/a'ter and air. Poisonous 

or highly salty geothermal fluids can pollute streams, ponds, and 
ground water. ' In' addition, the he&t added to the water can be / 
fatal to marine life. Certain gases, such as ammonia and carbon 
dioxide^ &hioh are release d from the w ells, can cause serious air 
pollution Jlxi the local aneas. "These pollutant^ will have' to be 
contracted at the well.v ' # ^ 

Although fieople, wilaiife, and marine life are affected in 
various ways, by geothermal ^energy, it does not create as many 
problems as fossil and nuclear fuels. . Geothermal energy can be 
used directly and does not require processing plants jror fuels. 
It does not require *major land. disturbances, such as mining, 
when extracting the fuel. It also daes not create as many problems 
*with waste disposal as do the fossil fuels. It produces a 
. basically clean heat. For these Reasons it is considered a de- 
q sir^ble source of energy where it is available. f 
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TITLE: 
AREA: > 
OBJECTIVE: 



MATERIALS : 

4 & 



ACTIVITY: 



Geothermal Energy: Dilemmas and Problems 

Earth Science , Social Science , ' 

The student will be able to discuss the various 
problems and dilemmas related to geothermal energy. 



1. 
2. 
3. 



2. 
3. 



Handout information on geothermal energy 
Questions on geothermal energy \ 
Map, "Location of Geothermal Resources in the 
U. S." ~ * 

The student should read the information on geo- 
thermal energy. . . 

» • 4 

Have a class^ discussion on geothermal energy 
handout information. (Use questions* on handout 
as a guide . } 

u 

Use the map, "Location of Gfeothermal Resources 
in the .U. S,," as a discussion of local- getflogy 
and geography of the areas with' potential geo- 
thermal resources. * 



TITLE: 



UNDERSTANDING GEOTHERMAL ENERGY 



AREA: - Science, Social Studies, English 

OBJECTIVE: The student will be able. to answer vital questions 

pertaining to geothermal" energy , after being exposed 
to lecture, handouts, and map study. 

MATERIALS : Handout 
Map 

ACTIVITY: Students answer the following questions: 

»■ 

1. What is geothermal energy? 

2. What are geothermal reservoirs? 

3. * Name three kinds of energy found in -geothermal 

areas. 

4. How are the following projects providing energy? 



5. 
6. 



a. . Geyser fields of Northern California 

b. " Imperial Valley 

Name Jta advantages in using geothermal energy.* 
List* two problems with geothermal energy. 



7. Why can't geothermal energy be used nationwide? 



NOT 



TITLE: .POTENTIAL OE 1 GEOTHERMAL ENERGY ' 

AREA: * 3 Social Studies, English \ 



OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



The student will understand^ why the.re is high heat 
flow in some areas but not in others, thereby 
affecting geothermal energy ^potential. 



World map 



1. Using a map of the world, identify all the loca- 
tions where geothermal activity might be used as 
a potential source of energy. Evaluate whether 

it would be, practical to use each of those sources 
to produce energy • 

2. Debate the aesthetic qualities that should be 
considered for the use of a geothermal sdurce for 
energy. 

3. Research the Geyserville geothermal electric 
energy production activity. 

4. Write to the Klamath Falls, Oregon, Chamber of 
Commerce or to Oregon Institute' of Technology, 
Klama£k Falls, Oregon, to secure information which 
sfiows how geothermal power is used in this city. 
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TITLE: GEOTHERMAL* POWER s 

« 

AREA: Social Studies, Science, English, Art 

OBJECTIVE: The student will be able to: 

1. ^Define tfhe term "geothermal." 

♦ 2. Sketch a cfcross section of the earth. 

3. Explain why the temperature risgs as we go deeper 
into the earth. ' 

4. Determine the possible sites for commerdial 
production of geothermal energy. 

. 5 * Listand explain the advantages and disadvantages 

, of the use of geothermal energy. 

MATERIALS: Books from school library 

Clay ^ 1 

World .map 
Graph paper J 

- > r 

ACTIVITY: 1. Make a report which explains geothermal energy. 

2. Make a»clay model .representing a. cross section of 
the earth. 

3. Make a line graph to show the relationship between 
depth and temperature. 

4. Construct a geyser to show that the earth is 
r hotter internally than on the surface. 

5. Locate the "hot zones" 'of the earth on a world 
map. _ - 

6. " Write a report on the Yellowstone National Park. 
7. Write a report on Mt. St. Helen, Washington. 



r 
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INTRODUCTION 
WIND ENERGY 

Wind is caused by the uneven heating of the atmosphere by 
the sun. Like the air over a hot stove, air heated by the sun 
expands and rises. Cooler surface air then. flows in to take the 
heated air|s place. This process is called circulation. Two 
kinds of circulation produce wind: 1) widespread general cir- 
culation extending around the earth, and 2) smaller secondary 
circulation. Winds that occur only in one place are called local 
winds. 

General circulation occurs over large sections of the earth's 
surface. It produces prevailing winds. Near the equator, heated 
air rises to about 60,000 feet. Surface air moving in to replace 
the rising Air produces two belts of prevailing winds. These 
belts lie between the equator and about 30 degrees north and 
south latitude. The winds there are called trade winds because 
sailors once relief on them in .sailing trading ships. 

Secondary circulation is the motion of air around relatively 
small regions of high and low pressure in the atmosphere .\ These 
regions form within the larger general circulation. Air flows 
toward low-pressure regions called lows or cyclones. Air flows 
away from high-presstire regions called highs or "anticyclones. As 
in the general circulation, ait 'moving toward the equator- moves 
in a generally westerly direction and air moving away from the 
equator moves in an easterly direction. As a result, secondary 
circulation in the Northern Hemisphere is. clockwise around a p high 
and counterclockwise around a low. * These directions Sre reversed 
in the Southern HemispTTere." 

Secondary circulatioifs move with the prevailing winds. As 
they pass a given spot on the earth, the wind direction changes. 
For example, a low moving eastward across Chicago produces winds < 
that shirfft from southwest to northwest. * 

'* * * 

Local winds arise only in specific areas, on the earth. Local 
winds that result from the heating of land during summer and the 
cooling of land during winter are called mbnsoons. -They blow 
from the ocean during summer and toward^' the ocean during winter. 
Monsoons control the clintate in Asia, producing wet summers and 
dry winters. A warm, dry, local % wind that blows down the side of 
a mountain is called a chinook in the western United States and 
a foehn in Europe. 

Wind Driven Generators * * • 

Modern wind -driven generators extract energy from the wind 
and convert it into electricity., A complete wind-driven system 
consists of*: 1) a tower to support the wind generator, 2) the 
propeller and hub system, 3) the tail vane, 4) devices regulating 
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generator voltage, 5) a storage system to store power for use 
during windless days, and 6) an inverter which, converts the 
stored direct current (D. C. ) into regulated alternating current 
(A. C.)*if it is required. 

FIG, 1 

IN THIS SYSTEM, THE WIND DRIVEN GENERATOR CHARGES A BATTERY BANK, 
from which DC power is taken directly for use or inverted, making AC for appliances 
• like T. V., and radios. Excess power runs a heating storage system. 




CONTROl 



INVERTER 



BATTERY BANK 



HEAT 
STOR 
AGE 




DC 



AC 



Wind pressure . turns vanes or propellers attached to a shaft. ' 
The revolving shaft, through connections to various gears and 
mechanical or hydraulic couplings, spins the rotor of a generator. 
The generator creates an_electric current which could be used 
directly *or stored in battel banks. 

The power output ,of a wind machine depends both on wind 
velocity (or speed) and on the diameter of the blades. For maxi- 
mum power, a wind machine should have the longest blades possiblte 
(about 100 ft. is the maximum now) and should be located in the 
strongest winds. The height of the wind' machine is another impor- 
tant factor because there is greater .wind speed and* (Constancy at 
higher altitudes than at the earth 1 s surface. The expense of 
building a tower also increases with its height, however, in .that' 
most present designs call for a tower between 100 and 150 feet high, 

There are a number of U. S. sites where large amounts of Wind 
energy are available; the Gre,at Plains, the eastern foothills of 
the Rocky Mountains, the Texas Gulf Coast, the Green and White 
Mountains of New England, the continental shelf'' of the northeastern 
United States, and the Aleutian Islands off the coast of California, 
Among the schemes for using wind power is construction of a grid 
of wind machi/es at half mile or mile intervals throughout" the 
Great Plains/area. Such a system could produce 190,000 Mw of 
installed electrical capacity, roughly half of the U. S. total in 
971. Also proposed is an offshore scheme in which the winds would 
used to electrolyze water into hydrogen and oxygen. The 
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hydrogen could then be piped to shore or brought in by refrigera- 
ted tankers. * 

Small-scale schemes rhay also continue to prove premising. A 
ten-foot rotor could provide enbugh energy for an all-electric 
single family home in many parts of the U. S. Another option, too, 
would be to tie into, or remain tied into the existing utility 
line, switching to central-station power wjmen the local generator 
is down or inadequate. Modern "homesteaders 11 are still finding 
wind power an economical alternative to having the nearest power 
company run lines out to their- 4 remote areas, and a number of 
companies are now producing wind electric generators deSigned"for 
home use. 

For all its antiquity, wind machine design is a new challenge 
to American engineers and several exotic designs have already ap- 
peared. Among these are the "Sailwing" (developed at Prihceton 
and scheduled for production by Grumman Corporation) whose blade 
deforms in the 'wind and is therefore self-orienting. A prototype 
is already in operation in India. t klso under development are 
several vertical axis designs which are not dependent on wind di- 
rection. * 

There are a number of advantages of -wind power. There is no 
•fuel cost 7 . In addition, wind power is continuously regenerated in 
the atmosphere under the influence of radiant energy from the sun, 
and thus is a self ^renewing source of power, does not release 
pollutants/poisons ■ to the environment, and conserves nonrenewable 
resources. However, there are a number of factors which limit its 
imitied/Late use. The initial cost of building the machine is high. 
A storage system for days of no wind can be expensive. Depending 
on location of the windmill, care musfr 'be 'taken for high winds, 
lov^temperature (ice forming on blades), and structural dynamics 
between the tower and the revolving blades. Wind- variability ■ also 
affects the output frequency of, t>he generation. Since standard 
U. S. power networks require constant frequency (60 cycles per 
second) -jand alternating current (AC), some means for regulating 
the frequency is needed. While constant-speed drives or converters 
are available, they add to the expense. Finally, .a major drawback 
is lland use. Although a single machine does not occupy much space, 
a giant grid of them complete with power lines wouTLd have aesthetic 
drawbacks, but wind harvesting, should be compatible with other uses 
of the land, such as pasturage and farming. 
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TITLE: PRINCIPLES OF WIND POWER 

AREA: Science , Mathematics 

OBJECTIVE: The student should be ^ble to: 

1. Read a simple line g\aph. 
* 2, Compare two graphs with wind speed data and 

propeller size. ~ 
3. Calculate the value of K in the formula, P=KV D 

'MATERIALS: Student activity sheets 

Overhead projector- (optional) 

ACTIVITY: During course of lecture~discussion using overhead 
projector, students can do the worksheets. 
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/ PRINCIPLES OF WIND POWER 



The power available from the wihd i^.a measure of how mttch and 
how fast the wind energy is being made available to the windmill 
propeller . The amount of energy is proportional to the kinetic 
energy ,of the wind (KE = l/2mv ) , and ts> the area swept out by the 
movihg propeller normal to the wind (A = ffd /4 , where d = diameter). 
The speed at which the wind energy is being made available to the 
propeller is proportional to the wind speed. , The power available 
from the wind is then proportional to the product of these three 
terms : 

1 

PoC(l/2mv 2 ) # (ff d 2 ) ' v 

4 

3 2 

From which^ P*r v d . 

The mass of the wind is usually considered constant because 
of density of the air does not vary 'appreciably over the operating 
ranges of temperature, pressures, and humidijtry. 

^ . ^hg relationship given above, written in equation form e 
(P=*kv d ) is investigated in the accompanying worksheet. Note 
that this equation gives the power available from the wind and 
not really the power output of the wind .machine* as suggested in 
the worksheet. Hqw the actual output o'f a wind machine follows 
the jjpwer available from the wind is a complicated function ,of the 
total system design and operation* , The' discussion that follows 
attempts to hit upon- the. main ideas involved. 

A Windmill propeller is designed differently than an airplane 
propeller. An airplane propel ler>. is designed with' a pitched sur- 
face so that it screws itself into the air as a result of its 
rotation. A windmill propeller rs designed like the wings of an 
airplane so that wind -blowing past it causes a differential in 
"pressure on its two surfaces an%l results in a turning force. 
Aerodynamic analysis has shown that the- theoretical maxitaum 
efficiency of an open air wind machine is 59.26T> This value is 
only for the conversion of the t wind power to rotational mechanical 
power exclusive of frictional losses in bearings and assuming 100% 
propeller efficiency. Fo'r the purpose of electrical power produc- 
tion, a well designed windplant can capture about 35% of the^ wind 
power available to. it. These additional losses are due to gearbox* 
and mechanical driver inefficiencies, electrical generator ineffici- 

icies, control and storage device inefficiencies, and its operating 
characteristics.. • v • 

The operating characteristics of a large electricity producing 
wii>d machine is depicted in the graph following. Note that the 
available wind power is proportional to the wind speed cubed. 
Because of friction, a windmill propeller will not begin to turn* *, 
until the wind speed reaches a cut-in speed Vci« -This is typically 
of the order of 6-8 mph. From the cut-in speed up to the machine.' s 



232 



26G 



r 



Available Wind 
Power << U 3 




Vci Vr 
Wind Speed 



Vco 



rated speed Vr, the marine output follows the power available 
curve. ^ The difference is du§ to overall system inefficiencies, 
A machine l s rated speed is typically 10-18 mph. From the machine's 
rated speed up to a cut out speed Vco (typically 50 mph) , the 
machine's rated speed is kept constant. This contraint is due to 
the necessity for constant generator speed (to maintain constant 
voltage and frequency output) . The spilling of the surplus power 
may seem ^ery -wasteful, but it is not as bad as it may seem at 
first glance. While it is true, that the greater the wind speed/ 
trfe greater the surplus power tc be 'spilled/ it is also true that 4 
the percent of the time a particular high speed occurs is a type 
o£ inverse function of the speed. In other" words, high wind gusts 
being of short time duration, require a ,large power spilling but 
only for a short time; hence, not much energy is lost. The opera- 
ting range of an electricity producing wind machine is considered 
to.be from Vr to Vco. The numerical values of Vr and Vco are 
determined by a complex analysis of weather and wind speed distri- 
bution data for the proposed? site and the specifications of all of 
the components of the wind machine system. 
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TITLE: 
AREA: 

OBJECTIVE: 



MATERIALS : 
ACTIVITY: 



WIND MACHINE— AN INTRODUCTION 
Science, Industrial Arts, Art 



1. Students can name the major working parts of a 

windmill and give purpdse of each, 
2* Students can identify by name different types of 

wind machines • 

Drawings of several types of wind machines 

1. Identify the major parts of a windmill and describe 
the purpose of each. / 

a. main power blade 

b. i tail fan 

c. power shaft 

d. gears 

- e. movable top (cap) 

» 

2. Given drawings of several types of wind machines, 
identify them by matching the letter corresponding 
to the picture to the name of the machine. 
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main ffccoee. 
Blade. <bpv 
' Pfl&Mb ikrro 

WOOD. 



TOP STDKJE 
TUaOED BV AUi 



waek) wind ixeernow c/4w^e5 
TDfaeer . ^ psace tX€. vaj/iud 



M£VA£tia-[OP (CAP) 




l^TCW MILL 6£lKJp|N6 





ISOMKTRIG DRAWING OF HIOM MU.L, BKRNfcY ARMS, NORFOLK 

A, Sco<y> whcrl. D, Stage. C. Callrry. P, Lmuil. K. I an (hive. F, Curb, G, 
Hcmlath. 1 1, Whip. J, Hay. K, Sluiiii-r. L, Windshaft. M, Poll rnrl. N, Stock. O, 
Clamps. P, Fronfstrikint; grah Q, Striken* rhain. K f 1an stage. S, Chain guide. 
T, Cap. U, Sheer. W. Brake wheel. WW. Biake. X. Wallower. Y, Uptight shaft. 
Z, Scoop wheel driving shaft. 
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Freese, Stanley. Windmills and Mlllwrlshtlng . Cambridge University Press, 
,i London, 1957. 
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The 'windmill is a Couris thing 
Completely built by art of man, 
To* grind the corn for man and beast 
That they alike nlay have a feast. 

The mill "she is built of wood, iron/ and stone, 
Therefor she cannot go aloan 
Therfore' to piake the mill to go, 1 . 

The wind from some part she must blow. 



> » 
The motison of the mill is swift, 

The miller must be very thrift 1 

"Td jump about and get things^ ready,, 

Or else the mill will .soon run empty, 



Some lines found in a- Sussex windmill by M, A. Lower. 
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Shutters closed 



Shutters open 
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THE EFFECT OF WIND SPEED AND <ROTOR SIZE 



Objective 



Student will demonstrate tfre effect on energy produced by 
wind generators duetto different wind speeds and rotor designs. 

Discussion 

Power increases as the cube of the wind velocity. Example, 1: 
the power in a 20 mph wind is 8 times greater than in a 10 mph 
wind. Example 2: Chicago wind speed 'is a constant 11.2 mph, 
while Minneapolis averages 11.2 mph, but one-half day at 8.2 mph, 
and the other one-half day at 14.2 mph. During the windier half" 
day, Minneapolis would have available as much power as Chicago 
during the whole day. * \ 

( ~TTT = 1-2678, 1.2678 3 = 2. 0) 

Rotor size has the effect that power from the wind goes up 
with th>e "square of the rotor diameter. By doubling the diameter of 
a rotor, four times the power is produced* Thus, it would ta'ke four 
100-foot rotors to equal the power of one 200-foot one. • , 

An increase in the number- of blades will provide an increased 
torque at low speeds. This concept is "used for water pumping. 
Fewer blades provide more energy for their cost. In small wind 
machines with blades 20 to 40 feet in diameter, three blades are 
probably, best ii\ terms of cost and balance. In la'rger wind tur- 
bines, two, blades are better. 

Variable pitch blades are one answer to the problem of different' 
wind speeds. Another possibility which is cheaper is to have 
dif^prentT generators or gearboxei^ f or/ use in different sites. 
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TITLED WINDMILL POWER OUTPUT IN WATTS 

AREA: Science, Math, Social Studies 

OBJECTIVE; Students will investigate how the power output of a. 

typical small wind powered electric generator depends 
onJ?oth wind speed and propeller diai3|Ker. 

MATERIALS: Student activity sheet 

ACTIVITY: 1. On a grid -provided by the instructor, the students 

will plot the power putput as a function of pro- 
peller diamete? for wind speeds of 10 mph and 
20 mph. 

Students answer questions related to Grid I, 

2. On grids provided, plot the power output as a func- 
tion of wind speed for propeller diameters of 10 ft, 
and 20 ft. 

Students answer questions related to Grid II. 

3. Show the*relationship between the power output of 
the windmiil to .wiftdspeed and propeller diameter 
according to provi ded ^quation . 

- ' Students 'answer questions related to data Table III. 
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STUDENT ACTIVITY SHEET 



Name 
Date ' 



In this activity you will investigate how the power output 
of a typical small wind powered electric ^generator depends on 
both wind speed and propeller diameter, 



The following is the table 



Propeller 
Diameter 




you will be working with: 
Wind Velocity in mph . 



WINDMILL POWER 
















OUTRUTLIN, -WATTS — 


_ 2 


06 


5 


16 


38 


73 


130 




4 


2 


19 


64 


150 


300 


520 


I 


6 


5 


42 


140 


340 


660 


1150 


< 


8 


10 


75 


260 


610 


1180 


2020 




10 


15 


120 


400 1 950 


1840 • 


' 3180 




12 


21 ■ 


170 


540 


1360 


*2660 


4600 


m 


14 


29 


230 


735 


1850 


3620 


6250 




16 


40 


300 


1040 


2440 


4740 


8150 


4 


18 


51 


37* 


1320 


3060 


6000 


10350 * 




20 


60 


47§ 


1600 


3WQ 


7360 


12760 




. 22 


73 


580 ! 


1940 


4350 


8900, 


15420 




24 


86 


685 


2300 


5180 


10650 


18380 



^ ^ On the grids provided below plot th^! power output as a func- 
tion of propeller diameter for wind speeds of ,10 mph and 20 mph. 

Grid I: 
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Questions : 

1. How do the general shapes of the two graphs compare? 



For a gi4en wind speed, how is the power • output related to 
the propeller diameter? 



Try to 
output 
10 mph 



write a formula which car* be used to calculate the power 
for various propeller diameters at a wind speed of 



4. ignoring other considerations, which would produce more power 
(or would they be Ythe same)'; two windmills with 10- ft. pro- 
pellers or one windmill with a 20 ft. propeller? 



Grid II: . 

•• • - . 7 

i On the grids provided below plot the power- output as'a func- 
tion of wind" speed for propeller diameters ,of 10 ft. arjd 20 ft. 
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Questions : 

f 

5. How do the general shapes of the two graphs compare? 



6* For a given propeller diameter, how 
« to the windspeed? 


is the power output related 






a 




7. 'Try to write a formula to calculate 
various windspeeds with a propeller 


the power output fox 
diameter of 10 f£. 



Table III : k % 

For the table of data given, the power qutput of the -windmill 
can be related to windspeed and propeller diameter according to 
the following equation: 

• P = power output (watts) 

P=kv 3 d 2 where • J = wind speed (mph] . 

.d = propeller diameter (ft.) * 
' ■ , : ^* = constant of proportionality 

Using the data in the table, calculate the value of k of the 
following conditions: 

v = 10 mph . v = 20*mph 

d = .10 ft. d = 20 ft. 

k = 0.0012 k = 0.001125 



Questions 



. 8.. The table of data gives' 60 different wind speed and propeller 
diameter, combinations from which 60'values of k could be 
calculated. How would you expect these 60 values of -k to com- 
pare' with each other? ] • . 



9. What design' an^ operating features (other than propeller diamet§ 
and wind speed) tfo you think determine the value of k? 



The following activity is designed for class discussion. 

List some pros and cons for the fallowing statement: 

„ . • \ 

For a given power requirement, a single large windmill is 

"better" than several small ones*. 



Pros 

f 



Cons 



How valid would you say the following statement. is : For wind 
powered generators, "the ,more wind, the better it is." 
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BIOMASS 



Bipmass is the term for organic material other than fossil 
fuels ^ Plant or animal matter has stored chemical energy by. 
virtue of the process of photo (or chemical) synthesis of proto- 
plasm. Only 0.1% of the incident solar energy is converted to 
biomass and only ~2% of the biomass produced is ever used. Half, 
or 1%/ becomes food and feed, the other 1% is used for* fuel and 
fiber. It is hoped that, through improved processing and. new 
technology as much as 4 0 times as much solar energy <4%) 6 can be 
utilized. 

* .Though it is a tiny fraction of the sun's energy, biomass 
has in the p$st provided humanity with 98% of the energy used. 
About 100 _&ears ago, 90% of the energy in the U. S. came from 
biomass (including wood and that biomass which became our fosSil 
.fuels)/" Today it still supplies 75%. In developing nations 2/3 
of their energy comes frok wood, agricultural residue and dry 
aniirtai wastes. Often, improved combustion methods' make more 
efficient use of these renewable, inexpensive , and readily 
available fuels. 
•\ _ 

To appreciate the energy supplied by biomass one needs to 
look at the efficiencies of biomass systems. First, 99% of the 
incident solar energy is lost to the green plants by reflection 
- and evaporation. Of the 1% absorbed energy abodt- 75% is con- • 
verted to biomass and is available as food for herbivors. About 




BIOMASS PRODUCTION AND CONVERSION Z 

half is Actually consume^ ^ The result is that only 0.5% of the 
solar energy falling on a*field is eaten and passed dbwn the chain. 
Once eaten, 10% of the energy is utilized to form meat protein. 
The following schematic shows the efficiency of plants in cap- 
turing radiant energy and the, 'losses' £s it is used in food. ' 
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Predator 



Cow 



19,000 .kcal 



880,000 
kcal 



Grass. ' ■ 
7/5 Million kcal 



Solar Energy " 
1 Billion kcal 



Predator 


9 lbs. 


Cow 


182 lbs. 

V 


** 


Grass Plants 
5400 lbs. 

♦ 



C2 



355-;000 



CI 



709,000 



Grass Plants 
5.8 Million 



PYRAMID OF ENERGY 

. is 



PYRAMID OF BIOMASS 



PYRAMID OF NUMBERS 



Three kinds of ecological pyramids based on the food chain of a 
1 acre field of grass over 1 year. Pyramids of energy and biomass 
are from grass/cow ecosystem described in text. Pyramid .of numbers 
is from data presented by odum 1971 (Ref . 8) , where: C-l=primary 
consumers (herbivorous invertebrates) ; C^2=secondary consumers • 
(carnivorous spiders and insects j, " * v , 



Even, at these low efficiencies enormous amounts of energy are * 
available. To convert biomass into units of energy so aa^to com- 
pare' it with other fuel sources, it is estimated that one gram dry* 
weight of organic' matter is equivalent to 4t5 Kcalories or 1400-1750 
Kcalories/per pound, which is 5500-6900 BTU per pound,. When larger 
masses are converted, one metric ton" is the "equivalent of 1.25 * 
barrels of oil, 1200" cubic feet of gas, 'dr 750 pounds of "coal. 
The table on the following page provides the energy available in 
a wide range o.f materials in the biomass — both the readily replace- 
able and the long range replaceable. *' 

We need to know how much of this energy is actually extracted 
by tfariQUs conversion processes. What would be the sense of 
selecting a less efficient process, assuming all other factors are 
the same? To give^ inf ormation^on the ^efficiencies of certain " ■ 
biological and v mechanical systems, refer to the stable immediately 
following the "Energy Values... 11 table. . \\ 

In the U. S . , the Biomass Program has two separate apprpacty#s . / 
One aims at ^increasing the recovery o k f resources fjom urban, * 
municipal and industrial wastes. The other concentrates- on the 
development of sources of biomass energy as yet relatively untapped. 
These areas include land and fresh water "Energy FaVms ,! along 
with a promising squrce calls*' Ocean Energy Farming of Aquaculture. 
In both/ plants are grown for their use as* biomass sources of more - 
useful forms of energy. ^ 
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TITLE: ■ BIOMASS AS A SOURCE OF ENERGY 



4 



AREA: English, Social Studies, Science 

OBJECTIVE: The student will be able tio determine the role of 
"biomass* as an energy source, 

MATERIALS: 'Handout * ^ \ < 

ACTIVITY: 1. After reading the handout material,, students should 

answer the following questions; - 
_ »/ 
^ * * 1^. What is biomass? 

> ■ ■ 2. List 10 kinds or forms of biomass. 
^ 3. What percentage .of energy is currently pro- 
vided by biomass? * * 

4. ' How is biomass converted int^frurfits of energy? 

5. What are the .two separate approaches to the' 
Biomass Program in the u.- N.? 

— 2. Sponsor a field trip to-a-recycting^pi-ar>t ; report 
on findings. " , 

r 
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-ENERGY VALUES OF VARIOUS FOSSIL FUELS AND BIOFUELS 



-vSOLIE) „ ^LIQUnu ^GAS_^ 

kcalyg'*---^-^BTU/lb^-^lTU/gal BTU/ft 



FOSSIL FUELS 
COAL — 

bituminous 
. J' anthracite 
lignite 
COAL COKE 
CRUDE OIL 
FUEL -OIL 
KEROSINE' ' * • 
, GASOLINE 
» EP GAS 
f COAL GAS 
NATURAL GAS 
(Methane) 
' PROPANE / 
BUTANE ' 

BIOFUELS 

CARBOHYDRATES 
sugar 

starch/cellulose 

lignin 
PROTEIN — • 

grain/legume 

vegetable/fruit 

animal/dairy • 
' FATS ' 

animal - 

vegetable oil • 
' MICRO-ALGAE 
WOOD 

oak, beech 

pin?T 

all woods 
' BRIQUETS • 
^ ALCOHOL 

methanol 

ethanol/^ , 
BIOGAS ~ // 
(60% CHi)^ - 
METHANE / " 

- misc. "wastes; 1 ' 

municipal or- 
ganic refuse 
raw sludge 
digested' sludge 
.paper 
' " .- glass • * 

leaves . 
■■ ' % ? • "dry 'plant; - 
./l&SC. ANIMALS ' , 
'irise'ct ' 
earthwprm 
mamma 1 
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9.2 






13,100 






8.9 






12 ,700 






4.7 






6,700' ' 






9.1 






13 ,000- 


• 










18 , 600 ' 

**- W w \J W W 


138, 000 - 










18 . 800 


148 . 600 










' 19,810 


135,100 










20,250 


124,000 








0 


21,700 


95,000* 




\ 






2l,50<T 




■ 450-500 








75,25*0 


1,050 












2,200-2,600 








21, 650 


92.000 


2 , 900-3. 400 








21,250 


102,000 




3.7-4. 


0 




' 5,300 






4.2 






5,800 




\ 


6.0 







8,300 





— - - - , 


5.7-6. 


0 




8,050 








2 




7 n o r 


• 




5.6-5. 


9 




7,850 


- 




9.5 






^13,100 






9.3 






12,800 






< -5.0-6! 


5 




9, 500 




♦ 


4. 1 






5, 650 


! 




4. 5 


• 




67 2^H) 




4.2 






5,790^ 






811 






11, 50CT 












8,600 


67.000 




• 






12.000 


95 . 000 

— ' , w w w 














600-650 








• 




X , \J -J \J 








21,500 


75,250 


* 


2.8-3. 


5 


4, 


v ~ ~ 

0.00-5,000 






2.7-5. 


3 


3 , 


700-7 300 






2 f 7-5. 


0 


3 / 


80G-6 , 900 




* 


5; 5 






7 V €00 ' ' 






• ' 5.6 






7,700 


- ' «c 




5. 2 






7,100 . - 






'5.^6 






- 9., 000 






* ' r- "a 

5-. 4 




• 








• m:6" 


4 








* 
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EFFICIENCIES OF SOLAR JENERGY CONVERSION SYSTEMS: 
COMPARING THE BIOLOGICAL WITH THE MECHANICAL • 

r f % 

« • % - Efficiency 



Of ' To -To 

N Process Heat Electricity 



BASIC PHYSICAL CONVERSIONS 



A. Steam Mechanical Energy 10-30 . 

B. Mechanical--* Electrical , 80 w 

C. Steam Electrical ' AxB= 8^.25 

II. SOLAR - MECHANICAL CONVERSIONS 

A. Low Temperature Solar 

Solar energy hot water 20 * „ 

B. High Temperature Solar 

1 . Solar heater s , cookers , 
reflectors 50-80 

2. Solar reflector-^ steam > 40-60 

3. "I-C" abpve , 8.25 

4. Solars steam-? electricity 3-15 

C. Solar-»Electricity (Photocells) _ 

1. Cadmrum sulfide 5 

2. Silicon > 12 

D. Wind V- - 
1. Wind mechanical , * 44 

2*. "I-B" above *, - * 80 . 

3. Wind ^ mechanical— ? elec- 
ts • , trdcal 3 5 

'] • <. 

\ SOLAR-- BIOLOGICAL CONVERSIONS 

fA. Food Chains' * . s 

* 1. Solfcr energy ->plarit . # 

\ "chemical energy ' 0.3-3.0 
'2./* Plant energy ~»herbi- 

_ t " vore an^rgy. . 5-10 
3. Herbivore ^carnivore 

■ ^ energy , ~*5-15 

B^ -^ojod 

1. Solar energy— >forest 
~ wood 0.5-3.0/ 

2. . Wood-*heat (steam) ' 60-80 
"I-C" above ^ 8. 25 

4t Solar ~»steam-»electri- - • 
• ' cal 1 1 .04-. 8 
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C* Biogas (Digestion) 

1. Solar plant t 3-3.0 ^ 

2 . Bioinass~T>bioj»s* 40-70 

'3. Biogas -? heat' . 75 

■** 4. Biogas-* heat~*mechani- 

*al • 2^-40 , 

5. J'l-B" above 

6. Organic waste^elec- 
tricity (via biogas) 

D. Alcohol (Distillation) • 

1. Fruits, grains-^ etha- 
nol 75 

2. Wood-* ethano'l v 65 

3 . Biomass»/aste--*metiha- 

i ■ • • n ' 61 ■ • \ 55 

*Not including process heat. 



80 

.02-. 5 



\ 
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. \ *Each <year the U. S. produces over -880 x 10 dry tons of 
organic wastes w^ch is equivalent to 10.x 10 BTU per metric ton 
or 90 (a Q is 10 BTU) of energy "total * * Host of this waste is ih\ 
the -forms of manure and, paper. With today 9 ' s collection and 
processing methods about 16% can be reclaimed. t The processes' 
used. to convert the biomass and/or organic v/as^e^ are: 1). direct- 
combustion, 2) pyrolysis, and 3)- anaerobic digestion. 

Direct^ Combustion ir utility boilers. caft-^.eld 4000 to 5000 
BTU per pound as an additive to coal. It can replace as much as 
10% of the coal presently used. This is now 'practiced in the' 
Merrimac Plant near St. Louis, Missouri. At a rate of 2l%* mix 'of. 1 
waste with 77% coal a combustion efficiency of 98% results.. In 
this way waste is turned into cheap electricity, 

v » 
Pyrolysi.s is the burning of organic wastes in the ^absence of 
air at '200' degrees C - 900 % degrees C and .STP*^ The results, are 
oil and gas which can, then be burned as fuel. 'For each metric ton + 
► processed the oil produced yields 4,8 x 10 . PTU, an ^ffieiencjy of 
16%, The gas produced yields 5.5 x 10 BTU per metric ton pro-1 < * 
qessed, for an e.ff^ciency of 55%. 

*■ * 
Anaefotfttr digestion is a biological process- which coaverts 
the carbon fraction of the biomass tp other compounds, releasing 
the trapped energy. 7his is the "Small Technology"" process used 
* in developing nations and on some'small farms in the U.*5. 

There are tVo stages to this digestion. £irst stage — complex 
organic materials are acted -upon by acidogefilc (acid fqrming) bac- 

^tef'ia to form 'fatty acids, glycerol, sugar compounds which are in • 
turn ac?t|fed on by^enzymes ±o form lower alcohols, acetic acid and 
carbon dioxide. * The second stage ^is the one in which methanpger\ic 
bacteria act on the v^aste to form methane (CH.) and CO-. This 
second stage can be accomplished by means of a "Lower Technology 

* Conversion" or mesophylic phase which occurs in a digester' pr air' 
free pot ( at 30 deg^es - 40 degrees C and yields methane gas after 
about 3 0 days. It can also occur under "Hi^h Technology Conver- 
sion" at 60 degrees, C and p^oduge methane a*fter. 2 or 3 days .T* The 
heating .va^lue of methane is'about 500 - 800 BTU/ft . This-^€ype of 
snraAl digester operation could supply' the cooking fuel for a family 
of b - 8 people* " * < 

• s ■: • < . ' 

Ocean Energy farming is %being studied off the coast of 

S^n Diego, Calif ornia, 'under* the sponsorship of ERDA and the U. S. 

/Navy. * They are growing k'elp as the bjlbtnass and have had very 

taVorabl^e yields. An. idea of the energy 'available from an acre 

of 'grain or woodlqt can be obtained,' from the following figure. 
• 

. *STP = Standard 'Temperature and Ptessure., *\- 
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The use of biomass to supply, some of our energy needs not 
.only .takes 'into account the -vast .pla'nt resources of" the earth 
but als6 aids us in reducing the problems § associated with dis- \ 
posal of- waste. Digested organic waste^ provide* combustible ' 
gas and valuable fertilizer. . Urban wastes' help fuel electric 
generating plants and cut down on the need for land fill/. Pol- 
lution of ground and ocean water by organic wastes^ is e^sed and 
?mall f^rms can be made less dependent on imported fuel. Recycling 
is an automatic part of the use ,of urban wastes as fuel and the 
.drain on resources can be alldviated. None of these processes 
is terribly difficult to engineer and the <=md result of none is 
harsh on the environment. Biomass. is a practical way to recover 
some of' the incident solar energy* • / 
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DlKLCf 
BURNING 



HAY 

21 TONS 



it-i 



COV.POST 



~L 



METHAVE 
15.000 FT J VR 



FECES ±£> ^ 




ii — 



FODDER 




1.8 TONS V R 
(Drv) 



X 

D1CESTER 



LIVESTOCK J" 
(c g /Cow) 



GRAIN 
"7 30 BL'SHELS 
0.9 TONS 



0. 




E7HYL 
^ ALCOHOL t= 
85 GALiYR 



STILL 



M*SH 




BYPRODUCT 
1/4 TOV/VR 



1 ACRE 
WOODLOT 




1 



AVERAGE \ 1FLD 

3 5 TON'S WOOD/YEAR 




ETHYL 
= £P ALCOHOL {= 



100GAL/YR ' 



S 



DIRECT , 
BURNING" 



rucl 

Million 
HI L '\ r 



t — — 






f trnli/cr 





Fuel 

15 million 
BTU/yr 



£ 

j - ^ SLUDGE [ =^ 



Fertilizer 





•V 
if 


Fodder 







Food 



Food 



Fuel 

6 mrttton 
BTU/yr 



Fodder 



] 



Fuel 

8.5 million 
BTU/yr 



Fuel 

42 million 
tfTU/yr 



[Ify^ A £N ? PR * 00 ^ T S AND ROUGH ENERGY EQUIVALENTS OF VARIOUS BIOMASS CONVERSIONS F ROM A 1 ACRE G*AIN FIELD ANO WOODLOT. 
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J 

INTRODUCTION 
COMPOSITION OF MUNICIPAL SOLID WASTE 



v 




Resource recovery is garbage. 



\t is an ld6a that has caught the fancy of the American pub- 
lic. ♦ ' 

* * * 

The concept of making garbage into energy and saving valuable 
materials intrigues. Our nation's problem solvers. 

"The realities- of reclaiming resources and energy from garbage 
are one of the problems that daily confront some members of RegionJV, 
U. S. EPA's waste management team members. 

y "During last winter's energy crunch, " says Kar'l Klepitsch, ' ' 
Chief of Region V's Waste Management Branch, "people were burning 
oil and coal that was dirtier than their garbage." 

Garbage is a valuable resource for America, says Klepitsch. 
Yet EPA data reveal that by 1985, America will throw away almost 
°00 million tons of trash a year. ' * : , , 

.Today, roughly' 70 to 80 percept of urbah waste is combustible, 
solution would be to burn it for its, BTU content, suggested 

* • 
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Klepitsbh. ' Each 5 person .disposes daily^ 3.5 pounds of refuse which 
has the energy value of 1.5 pounds of 'coal. ' 

In 1973, the United States could have saved the equivalent 
of approximately '200' million barrels of oil if ' it had been able 
to reuse the 135 million tons of garbage generated across 
, the nation. ^ * . w 

JrXi addition, 12 million tons of steer, one million tins of 
{ aluminum and 200,000 tons of topper were thrown a**ay in 19^3, 
• because the great majority of garbaqe was not reused" 

Resource recovery can 

be a significant element in 

a community's own solid 

waste management program. 

Congress formally recog- 
nized this concept when it 

passed the Resource Conser- 
vation arid Recovery Act of - 

1976 last fall. m Besides 

calling for the closure o 
n all open 'dumps in the 

-country <and the develop 1 
' ment of the statewide 

.solid waste and ha : 
V waste plans, RCRA I 

the development of 
. recovery systems 
m * economically fea x 

Specifically prog' 

technical and finan 

assistance are authori 



As the "Chief of 
Recycling and^ Reuse" in 
Region V, Klepitsch .as- 
sembles technical 'assis- 
tance teams to help 
communities in evaluating^ 
resource recovery alterna-\ 
tives. 

EPA staffers stressed 
that these teams cannot 
repla(ce a community \s 
s,taf f or. consultants they 
might hire, but they would 
be able to provide objec- 
tive oversights of * * 
technical and financial 
pLans which a community is 
considering. . 
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"We do not Have sufficient resources to replace consultants, 
said James- Chambers of Region V's Waste Management Team, "but we 
can provide communities with procurement and technical assistance 
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> TITLE: 
AREA: 

OBJECTIVE: 



MATERIALS ; 
ACTIVITY: 



TRASH AND GARBAGE : AN ALTERNATIVE SOURCE OF ENERGY 

Social Studies, English, Science. 

The student will be able to: » 

V 

l v Define % the terms "generate" ancl "incinerator, 11 

2. Identify those wastf'materials which release the 
greatest amount of heat. 

3. Explain the operation and use of municipal steam 6 
generating incinerators . * 

, * 

School libr^y « 4 ~ 

Trash at "home and/or school 

1. Students ma Y write a report o$ new incinerators 
^ designed to operate steam engines,* 

2. Students may examine trash at home and/or school 
and classify the trash according to tin, plastics, 
P. V/ C. plastics, paper, and garbage. - ' 

3. Students may divide the items up into what is 
suitable and^ what is not suitable fo,r a steam- 
raising incinerator . 

4. Students may write a rep ort on steam generated 
incinerators in ' Europe^Chicago, and Montreal. 

5. Students may visit municipal incinerating plants 
to view the operation, r • 



Flow plan of Montreal incinerator 
Burns garbage-produces steam 




stack 



sedimentation basin 

EMC 
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residue conveyor 



TITLE: 
.AREA: 



Garbage power 

Science, Sdcial Studies, Industrial Arts 



OBJECTIVE:"- The student will discover the relationship between 
energy 1 and matter in organic materials. 

MATERIALS : Library literature 

* Local industrial literature 



ACTIVITY: 



1. 



t*2 , 



3. 



5. 



6. 



8. 



9. 



Investigate the formation "of methane. 'Why is it 
called natural gas? (organic wastes — dead 
materiaLs— are fepa«£fcedTby anaerobic bacteria — 
grow, in- the a£«tsnce of oxygen — to form, methane 
and carbon . d/oxide) ' 

Ask: "Why cannot people use this age-old 

natural methdd to dispose of their organic wastes?" 

(too many people and mountains of waste) 

Find out how much waste is generated in 'your 
community. ^ * 

Read about the work &£ Dr. Ram Bux Singh in designing 
and construction of '"Biogas" plants in India. . 

Investigate problems of using sewage effluent from ' 
a community in a biogas plant. (t&o much water, ; 
which ^educes efficiency of -the digester) 

Discuss how user of * fcow manure from cattle feed lots 
in biogas plants -could reduce wateir pollution and 
waste of a valuable resource. (Kaplan project in" 
Bartow, Florida) 

Investigate whether or not your community sewage 
disposal system uses an anaerobic bacteria process. 
If so, is the metfiane produced i^sed to power the 
plant? > \ * ^ 

Investigate the supply problems .of, a biogas plant, 
(major" problem is transportation of wastes to the 
biogas jfiant). 

Consider the environmental costs of using animal 
manure for biogas production. (loss of Valuable 
soil conditioner and fertilizer) 
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% TITLE: ENERGY^ IN THE WASTE BASKET : , < 

AREtA: t Science, Math 

OBJECTIVE: The student will be, able to evaluate, the volume and 
„ . contents of solid waste and realize its energy poten- 

tial, . 

/ 

MATERIALS : ' Garbage 
* 9 Bags for sorting 



ACTIVITY; 1, Have thq students save their garbage for one week. 

It would be best if they sorted it as it is saved, . 
i. e. , one bag^ each for paper , plastics^ metals , 
organic , and glass. 
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2 . In class , have the students determine the f ollowing : 

a.* Which type of splid waste that -was collected 
.weighed most? * } 
K b. Which type weighed^ least? 

c. Figure wh^t percentage «of the total amount of 
solid waste each constitutes:' 

4 

* m TOTAL WEIGHT 9 WEIGHT = « PERCENTAGE 

• " Plastics == * 

Paper* = - , 

Organic = ' \ 

* Metal • = * 

Gla^sa = 

3. If you were going into the recycling' business, 

' which of the substances would Jyou choose to re-* 
, cycle?. Why? 

4. For what ^<Juld the ojrganic solid waste be used?" 



0 



5. Assuming that *all the metal is of a ferrous type, * 
\^.how long would it take for you to accumulate^ one 

ton? (In reality only a very small percentage of 
most cans is tin. About 98% of a "tin" can is 
steel. .The amount of tin depends upon the cor- 
rosiveness .of ctnten^s.) Industries wiT.1 pay 
^bout $20 each ton of ferrous metal. Is it worth 
your effort to recycle, this metal? Explain.- 

6. 'Find the amount * (weight) of aluminum that would be 
"collected pet month. Is the aluminum woBth re- 
cycling? 

7. The average amount of garbage per person each day 
in the. United States is 2.27 kg. How did your 
family's total compare with- this average?' 
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Add ' the^whole class's data together. How did the 
whole class compare with this average? ** The class 
could graph their data as follows: 



frequency 

\ 



garbage, kg. 
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TITLE: • 

« 

AREA: 

OBJECTIVE: 
♦ 

MATERIALS : 



ACTIVITY: 



ERJC 



MEASURING ANAEROBIC RESPIRATION ON YEAST 
Science 

Students Will- observe the effects of anaerobic 
(respiration) fermentation using yeast . 

Yeast 

Two; vacuum .bottles 
Glass tubing 

Glycerin or soap solution 

Stoppers or corks ^ # * W ' ft*' 
2 5% molasses solution 
Beaker of limewater 
The'rip.ometer s . * 
Data charts-- 
Data guide* 



-Activity sheets 



Thermometer 



Assemble the two sets* of apparatus as depicted in 
the dr.awing following: ^ 

CAUTION: Be sure ^£o. lubr.icate the thermometers and 
the glass tubing with the glycerin or soap solu~l • 
tion before inserting them into (~*) 
'the stoppers or "corks. 
Point t*he thermometers 



away from your hands 
and body ~ as you insert 
ther?. Be sure not to 
force the thermometer 
or glass tubes into 
the stoppers or corks 
they break easily and 
cause injury. 



/ 




^jjluss tube just above ^ 
the molasse/'solution 



25% molasses solution 



Vacuum bottle 



Youridcntifying mark 



2 6 3 Procedure for measuring anaerobic respiration in/^east 



Label 'the Vacuum bottles A and B. Fill. them > 
with the molasses solution to a level' which is 
very close to the open end of the glass tube 
which leads to the tubing to the- be&ker of lime- 
water. Add the '1/4 package of dry yeast to 
bottle B and gently stir the igixturis to suspend 
the yeast throughout the solution, .Place the y 
stoppers Securely into the openings of both 
vacuum bottles. Place the rubber tubing which is 
attached to the glass ^tubing in eacfi bot^Le into 
each of the two beakers which contain about 200. ml 



of limewater. Be sure the open end 



of the rubber 



tubing is below, the surface of the i.imewater 

X 

Pour the remaining limewater (about 100 ml) into 
'the third beaker. Gently exhale through tjp£ 
drinking straw so that the exhaled bases will , 
bubble through the limewater soliltibn, / Recprd 
any changes which take place' in thg limewater 
solution, 



Observe the chancy in the appearance bf the lime- 
water and the temperature of the molasses solution 
in each vacuum ' bottle at the beginning of this 
activity and at five minute intervals for the 
first hour. Observe the appearande of the lime- 
water and the temperature readings as often as 
possible fdr the, next 24 to 48 hours. 



Record the temperatures and- appearance of the 
limewater observed for each bottle and the time 
elapsed between each reading , onto the data chart 
provided on the next pagfe^. (Extend the data chart 
if necessary to enter all readings, \ 



In which bottle did a chemicar>phange occur, if 
any? 




After collecting all the data, remove the stoppers 
from both bottles. Note the distinctly different 
odors which come from each bottle. 



Using the data from both battles, plot the tempera 
ture changes .as a function of time ortfcthe graph 
grid provided on the next page. Plot- the data for 
both bottles on the same grid to provide a compari 
son at a glance. Label the line plot for each 
bottle. 
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BOTTLE r A 


BOTTLE B 


Time, 
started: 


0 C Limewatec 

i 

' Appearance 
I- 


; 

0 C ^.imewater 

1 * Appear- 
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In which bottle did a chemical change occur, if 
any? On what evidence do you base your reply to 
this question? 

i -* 

Why is this section ^f yeast considered anaerobic 
even though* oxygen was present? 

From "which bottle was a gas prodhiced — if at all? 
What is produced in both? 

« 

If a cfas W^s produced, caji you give-a tentative 
identification of it and on what do you .base this 
y tentati^e identification? 

■ j ■ 

In what^ays does anaerobic digestion or fermen- 
tation resemble Respiration? c 
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TITLE: FERMENTATION 
AREA: Science 



OBJECTIVE: The student should be able to: ^ 

1. Measure a change in ^perature through time in 
the fermentflrig process. * 

2. Observe the production of .CO^ from the fermenting 
system. , 

3. Detect, through identifying an odor, the formation * 
of "alcohol from the fermenting slurry. 

4. List the raw materials necessary for fermentation 
and the products. 

5. - Construct a tiitie/vs. temperature curVe to demon- 
* strate the exothermic nature of the system. 

6. Apply the information gleaned from this exercise 

to the process of generating heat en'ergy directly a 
for fuel and gas needed for photosynthesis. 

7. * Devise -exercises for the anaerobic digestion of 

organic wastes. ' . 

LECTURE: Aerobic respiration is much more Qfficieint than anaerd- 
bic. * It has-been estimated that about 60% of the total 
/ ener§y in the glucose molecule'' is released from the 
process of aerobic respiration ap» opposed tp about 
3.2% from the anaerobic process. The purpose of this '' 
exercise is to demonstrate the release of photochemical 
energy from organic molecules. The Source of molasses, 
the iugar cane plant, should be recognized as r one of 
the mdre efficient solar users of the green plarits in 
' the U. S. as can be determined in the follov&ng narra- n 

tive and table. . ^ ^ 

Plants are simply unable to use most of the sunlight 
V ^ • * available to them/ On land, from 70-80% of the inci- 
. dent light is reflected or absorbed by physical things 
othex; than plants. We can gat an idea of what happens 
to the remaining light energy from an elegant study done 
on an acre of corn duping a 100 day growing season. 
, The study showed that 44,4% of the light received by 
plants was used to evaporate the 15 inches of rainfall 
received ^during the season:" 54% was cpnverted directly 
to heat and lost by convection and radiation, and "the 
minute quantity remaining (1.6%) vjas^&c dually converted 
/ ' into .the , tissues .of the corn plants.* "About 1 33% of this 

gross productivity was used in respiration leaving 1.2% • 
of the available light energy as corn biomass. 
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^ Energy Budget of an Acre of Corn During One 
Growing Season (100 days). 76.6% of the 
Solar Energy Assimilated is Put into Biomass* 



Glucose kc^l Solar 

' (Ite) — (m ill '6n) Efficiency 

INCIDENT SOLARTENKRCY 2.043 
PRODUCTIVITY ^ 

N*t(N> , 3040 25.3 1.2% ' 

Respiration 930 7.7 0.4% 

Gross (G) 3970 33 1.6% 
Production efficiency « N/G 76.6% 



Photosynthetic Efficiency of Various Plants, Crop^_ 
and Ecosystems , f • 

•v i»l (,r»K* % of N% i 

^^/ ^v • ivo3m ' jyy y i|>»>*iiujiNji> 
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Algic U hhKclla) 


2<> J 5 




Dim light experiment* 


1 5-20 




IIH 1) 






( h_U»tc[la \\\\ pornl* 


JO 4 




Sewage pnmiv 


2 n 




CUl.flVAFU) CROPS 






FhAK Ol' SI ASON 






Sugar been, r*uroj*r 


7 7 


5 1 


Sugar i jiic, Hawaii 


7 ft 


4 H 


* Irrigated nun Iviarl 


6 H 


3 2 


t !)UKIN(.SI ASON 






Sugar dent. hurnpe 


2 2 




RllC. japjn 




2 2 


Sugar cane. Java 




1 9 


(urn. US \ 


1 ft 


1 3 


Wairr h* -ninth 


\ 5 




1ri»|»nJl fnrcM plantation 


0 7 




hCOSYSIFM.S 






Annual ilevert plants (peak) 


6 7 




finpit til rain i"*»re*i 


J 5 




1 revhwater springs. 1 lor it la 


7 7 




IVUtitcil hav, 1 m» 


2 $ 




( *»ial reef 


2 4 




H<rth UweM. 1 un.pr 


2 2 


I * 


^ Si»Ms pmr. 1 urupe 




2 4 


Oak foreM, U S 


2 0 r 


VI 


Perennial herh. grav* 




1 0 


( attatl marsh 


Oft 




1 akc. MWrnivili 


114 




llMu4nt\edgc community 


0.3 




HIOMKS 






Open m ran 


II (Ml 




„ An in itmiira 


lk.0X 




* 

l)< vert 






BIOS PI IK RK 






1 amt 


\ 


0)4 


Set 




0 2 



V 



Sources": Energy Primer % Portola Institute 197U. 
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MATERIALS: Student activity sheets >~ * 

2 thermos vacuum bottles, approximately 0. 5 liter 
2 two-holed rubber stoppers or corks;./to fit the 

opening of the vacuum bottles' 
2 glass tubing, 6 mm diameter x 8 cm long 
2 thermometer, 20 degrees 'C to 120 degrees 'C, (1 degree 

C % graduation) 

2 rubber or plastic tubing, 25-30 cm 'long *(to fit ©n 
glass tubing) . * 

3 250 ml b.eakers 

500 ml 25% molasses solution (75% water) 

Glass-marking wax pencil 

1/4 package of dry yeast r 

2 drinking straws * 

Glycerine or soap solution 

Stirring rod, about 20 cm long . 

2 500 ml beakers 

ACTIVITY: This activity should follow the introduction of the 
production of energy from anaerobic digesters. 

The students 1 discussion of this area should include 
the materials which are fed* to the digester; the" design 
of* the apparatus ;. toe delivery system to the digester; , 
^the availability or^'the* raw materials; the time, tem- 
perature hnd^ mixture materials used in the digester; 
» \ the products expected and the amount/unit of input 
^materials; the usefulness .of the various, products ; 
^the systems for eVacuating the gases, liquids, and*, 
'solids from the digester; the desi^bility of the 
products; the safety precautions needed for. the system; 
■the delivery system for the products; the space 
required for the system and its location on the pro- 
perty; the number of pebple/size of unit served by 
the system; economics of the system; need for xthe - 
system. There should be many more including tne 
social acceptance of. the system in various locales. 



The conversion factors of 3413 BTU =- 1 Kwh = 3600 Joules 
and 4HP = 0.7455 KW should be supplied* to the students 
to compute the. energy input/output/efficiency of the 
system. Remember that a digester system of .the low- 
tech conversion requires about 3d days to effectively 
produce methane with 3 pairs and a high-technology 
system required 2 to 3 days* Methane has a heating 
value of 51D0-fl00 BTU/ft . 

This activity will produce* C0 2 * and alcohol. The change 
»in the limewater will demonstrate the C0~* production 

(Ca (OH) 2 C0 2 > CaC0 3 + H 2 0)\ The distinctive odor % 

of fermenting yeast has been used to deduce the forma- ? 
tion of alcohol (ethanol^. 

C 6 H 12°6 ' S 2C 2 H 5 OH + 2C0 2 
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It is possible that someone in the class may have 
experienced this odor emanating from a bakery, 

It may serve to demonstrate a fact that alcohol is 
combustible, if you ignite a small quantity of 
alcohol either prior to or following the exercise. 
'This ^should further enforce ^he concept of energy 
from the anaerobic (respiration) digestion of sugars, 

i 

Notes to the Teacher y 

The fermentation process will proceed at a slow rate i 
af±er the apparatus has been set up, increase and 
then level off. In order to collect data on tempera- 
ture change and any change in the limewater solution, 
students, should return to the lab room or wherever the 
set up is kept to make observations as often as pos- 
sible for 48 hours. The first set of data will ^e 
collected in lab at 5-minute intervals to give the 
students a feeling for the direction in wluch' the 
processes will go. 

* 

CAUTION: Be sure to instruct the students £o lubri- 
cate the^ therritomet^rs and glass tubing with glycerine 
or soap solution before they insert them into- the 
openings in the stoppers or corks. Also, they should 
be very careful not td force them either in or out 
of the stoppers or corks because they break very 
easily. They should also take precautions when 
inserting or removing them that if broken the possi- 
bility, of pushing the tubing into their person 
does not exist. ^ ' *" 

Sample Responses 

1. T?he limewatet becomes clpudy, 1 . • * 

2» Bottle A - ho temperature change. 

/Bottle B ?= slight increase in temperature after 
about 45 minutes, then a more marked increase 
to a point of*p>ateau after' about 48 x hqurs— 2 
depending oji the amoufft of molasses and yeas^ used 

3. 



k * Time 

4. Bottle B. % 

5. Change in temperature, change in/limewater ap- 
pearance and change in odor of the solution-, 

6. The reaction eventually takes place in the ^absence 
of oxygen. \ , 
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7. Bottle B. I 

8... C0 2 . The limewater became cloudy, which is one 

test for the presence of CO^ . • 
9. The same gas, C0 2 is released, heat is produced 

in both reactions; they are chemical reactions 

which occur at about 37. degrees C, 

Extension Activities ^ » 

Burn grass, nuts, oil?, alcohol to determine the change 
in temperature of : water and BTU/gnv weight. 

Substitute 'a beaker of an algae mixture for the lime- 
water to note the probable "bloom 11 effect. 

Construct other tests or apparatus set ups for fcul- 
turing anaerobes, ' x 

Report on various types of anaerobic digesters. 

Conduct a feasibility' study on i/he appropriateness of 
this technology for the small~ unit 16 person family), 
the intermediate sized unit (large kennel or small 
livestock house) and the large scale unit (municipality 
or village) using the following information and tables: 
1 lb of volatile solids (VS = 5 - 7 ft methane) • ' 
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Volaide 
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Total Solids 


b.vbd^ 


1 n « Mlltk 








lon/yr 








|JhU_* _ 


Bt»mc 






_ 












D«try Cow 


1600 


l *2 

T 


2 » 




16 6 


\ 1 


1 3 K 


OHI 350 




1 loo 


107 


19 * 


| s 


13 5 


2 5 * 


1 1 2 




Dair) (Irticf 


1 ooo 


KS 


Vs 


1 1 2 


«> 2 


1 7 




I5ti 20(> 


Beer Fccfc r 


1 (KM) 


f»0 


1 1 


7 s 


(• 


1 3 


5 9 


1 so 


Beef St<u kef 


SOU 


"♦5 


8 2 


5 2 


5 H 


1 O 


*4 8 


1 20 


llortc 




















1000 


4S 


K 2 


6 7 


V.4 


1 7 


7 5 


|8H 200 


Medium 


850 


I A 


O O 


5 4 


7 0 




* 5 '.5 




Tony 




1 5 4 






30 




2.4 


50 70 


a* MIC 


















1 Hret < ier 


500 


25 


4 6 


3 


2 2 


0 4 


1 6 


40 


llog f-f eder 


2oo 


1 j 


2 4 


2 2 


1 2 


0 2 2 


1 0 
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1 00 


6 5 


1 2 


I.I 


0 6 


0 1 I 


* 0 5 % 


1 3 


Wiener 


] 5 


1.0 


0 2 




"J 








Sheep 










* 






l-eeder 


KM) 


4 


0 7 


U8 




^0 18 


0 8 


20 


• 1 arnb 


JO 


1 5 


0*3 




0i4 




0 2 


5 r 


Fowl _ 












• < 






,(".eeve. Jurkey 


15 


6 


220 III 


2«,i 


1 5 


55dh 


.10 


2 5 


Outkt 


6 


4 


250 Iti 


15 qt 


lo 


37 II. 


07 


*I8 


BroiUr ( hukert 


4 


3 


no n> 


Iql 


(17 


20 »> 


.05 


1 3 ' 


Laying llerr 


4 


.2 


7 5 lb 


Iqi 


05 


18 II) 


04 


1 0 


















Livestock 


/ Portion Amount 


% IS 


lS/day 




VS/day 


i 


Unit 


HunVjns Unne 


2 pi . 2.2 fl> 


6% 


13 


75% 


.10 




6 


(1 50 lbs) 


o S lb 


27% . 


14 


V2% 


13 






loial 


2 7 Hi 


11% 


27 


K \"» 


25 







TABLE I MANURE PRODUCTION OF VARIOUS LIVESTOCK AND 
HUMANS. "Livestock Unit" * VS production relative to laying 
hens t * 

•Bulk deosity of raw manure = 34 ft^/ton or 60 Jh/ft*, or 8 lb/gal wah fto fitishmg watcT. 



USE 


1 

* FT 3 


RATE - 


fighting 


. * 2.5 


per mantle per Jiour 


Cooking 


8 • 16 


\*:t hourVer 2-*4* burner 




12- 15 


per person per day 


Incubator 


.5 -.7 


ft 3 per hour per ft 3 






incubator 


Gas Refrigerator • 


1.2 


. ft 3 per hour por ft 3 






refrigerator 


Gasoline tnqme* 




'* 


CH 4 . 


ir 


per brake horsepower • ^ 






6 ' ,9 per hour 


, B»o Gas 




per brake horsepdwtf 






per hour 


For Gasoline 




» t 


CH 4 " 


1 Vi 1 00 


per gallon 


Bio-Gas 


180 • 250 


per gallon 


For Oiesel Oil 






CH 4 


150- 188 


- per gallon 


Bio-Gas 


200-278 


per gallon 


•25% efficiency 







TABLE II USES FOR METHANE Consumption of methane and 

bio-gas for different uses. V 
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INTRODUCTION' 
GASOHOL — THE AMERICAN R£NEW|\BLE ENERGY? 



As talk of gas shortages grows and lines at gas stations 
lengthen, the gasohol bandwagon is* 6 attracting .ever more adherents — 
from farmers to . legislators to President, Ronald Reagan. There now 
are mor'e than 500 U. S/ service stations that sell gasohol, -and 
the department of Energy estimates that consumption could reiach 
75 to 100 million, gallons this year;. Many government offices have 
switched to* gasohol f arid strong efforts are underway in Congress 
and in state legislatures — including Louisiana—to encourage 
gasohol use and accelerate its' commercialization. 

j Gasohol has a patriotic appeal: It is heralded as a product 
of the American fa£jn, arul not of unreliable foreign oil fields. < 
Actually, only 10% of each gallon of gasotfol comes from the farm. 
Gasohol is one part biomass-derived alcohol blended with nine 
paf^ts gasoline (although blends of 20% alcohol can be used in - 
most cars, and with minor modifications, even more). Still, 
.biomass fuels offer interesting possibilities for integrating 
farm and energy policies to th,e$ benefit, 'of both areas. The ° r~ 
farm could becotne a sign,if- idaat producer of domestic energy, 
perhaps enabling us to' reduce pur dependence on foreign oil, and 
trie farmer would have a new' marjcet f or his crop. 

Many farmers feel that Becoming eaergy as well as food pro- 
ducers may offer them a much-needed market diversity and^ a 
solution 'to the surpluses, that depress prices and keert farmland 
idle. It has been proposed*; that the subsidy now paid fo farmers 
for diverting a certain percentage pf their acreage away from 
production be shifted to the distiller to bring the price of. his 
alcohol down to a competitive level. (Princes for biomas^ alcohol 
are now around $1.20/g^llon — much higher than regular gasoline.) 
The farmers' land; that "would otherwise have been idle would in- 
stead b^r producing a .money crop./ J A gasohol market coulcj, also 
protect the farmer from nature's whims since crops which are 
spoiled for human consumption ' or are otherwise of rfGbpar quality 
will often produce perfectly good ethanol. ~ 

Corn is* the only crop presently grown in the U. S.- with a 
scale of ^production lairge enough to make a significant impact on* 
biomassf alcohol . It is sometimes argued that large-scale con--> 
versioji of corn' into fuel woul4 cause food shortage^ According 
to Lipinsky, however, the present corn biomass system could 
theoretically permit production of 2f-4 billion gallons of ethanol 
while obtaining the same quantity arjd quality .of end-use products,* 
and without increasing the land -area* devoted to corn or the ^ield 
per acre,. That amount .would allow 18-^35% of all -motor fuel con- 
sumed annually in the U. S. to*be gasohol /(at 1978 consumption 
levels). The idea is to inanuf acture ethanol and a protein-rich 
stillage from some of the graih^now used to 'feed ruminant* animals. 
Production. of corn stover (stalks, cobs /'husks, and* leaves o£ the 
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plant — harvested at a rate that does not endanger the' soil) could 
provide ample replacement for the corn .grain now fed to cattle, 

. ^ . * V 

A more serious charge against conversion of corn into ethanol 
is that its production requires high energy inputs — particularly 
in the form of fertilizer derived from fossil fuels. Corn has a 
high energy £ield per acre, but* it also has a very low ratio of * 
energy output to input. The exact n$t energy outcome of corn to 
alcohol conversion is still a subject of debate, but if heavy-* 
fertilizer use is required, biomass conversion to alcohol may not 
represent a large net energy gain. t 

In Louisiana the attention surrounding gasohol centers on 
sugar cane. % Farmers, jfaced with low sugar cane prices, see con-, 
version of part of their crop to fuel as an opportunity' to create 
an additional market. Already, plans have been announced to con- 
struct several gasohol plants, although some of them may import 
crops from put of state. The actual impact, of sugar cane con- 
version on -'the Louisiana gasoline supply situation will be small, 
even if 'all sugar cane produced were converted, but the .gasohol mar- 
ket could be a needed *shbt-in-the-arm for the sugar cane industry. 

Commercial interest has centered on fciomass conversdon to 
alcohol— because it can be mixed direcfejy . with and sold alongside 
regular .gasoline. Research at Louisiana State University, however , 
is beginning to indicate that perhaps alcohol may not be the best 
fuel choice. Its liquid nature that makes alcohol convenient to 
use presents problems in the conversion process. Separating it m 
from the fermented sugar solution is difficult and entails a high 
energy cost. It is much easier to separate a gas, like' methane,. 
o from the liquid solution. L. S. U. Chemical Engineering professor. 
Clayton D. Callihan has been looking at the fermentation of 
cellulose, the primary building block material of plants, into 
methane. ' According to Callihan, it makes littlfe difference in 
energy recovery potential?* Whether one ferments cellulose to methane 
or sucrose .(in the form of extracted cane juice) to alcohol, but 
the cost of producing methane r is substantially less than producing 
alcohol. In addition, one liable * to use tiie entire_s_ugar cane 
plant and npt just the can,e jui^e* V - ~i — - ^ 

Thi objection to converting biomass to methane is basically 
that methane is a gaseous fuel, whereas our current shortage is , 
primarily in liquid fuels. However, along the cellulose to methane 
conversion pathway intermediate products are generated that have 
a potential, to be used as liauid fuels. Preliminary experiments 
might be cKeaply prod^ced^with simple equipment; farmers might 
even make their own acids^if they can be used as fuels. ' ' 

Farmer As Energy Producer f *> 

When the farmers went to "Washington , they stopped by the 
rtment of .Energy. A five-member panel — representing smal} and 
je, , owned and leased, irrigated and non-irrigated f arms-~told \_ 
•aai ; ~~, 3 of consumer representatives their varied reasons for <* 
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wanting 90% parity prices. They.^also talked about energy. 

"We grow it," one papel member pointed out. "Everything you 
grow on a farm contains usable energy."- The irony for the farmer 
is that fuels, and fossil-fuel-based fertilizers, constitute 1/4 
t to 1/2 of his operating costs. , Bpt putting his own crop energy 
to work may not be far off. - . * " 

A farm is ^essentially a t gigantic solar collector, storing, 
solar energy as biomass. 4 Farm crops; *ar\d *farm residues as well, . 
can be turned into useful fuels. Alcohol can be distilled from 
grain, sugar beets, potatoes, distressed ' crops > etc., with a high- 
protein by-product useful for food for feed. Me.thane (t;he major 
component in natural gas) is available from processes that "digest" 
animal wastes ■ and/or crop residues. Compacted cellulosid waste 
pellets can be used as solid fuel. All of these biomass fuels — 
alcohol, methane, and cellulose for direct combustion-rare made 
from carbon-dioxide-absorbing, plant matter,- so burning them does / 
not increase .the *C0 2 in the atmosphere. ' 

Alcohol, methane, and pellets are already reducing energy 
expenses for febme farmers, if not; yet making them energy indepen- 
dent. 'On-site digesters can provide gas for cooking and Seating. 
Stationary farm engines (like those that run irrigation pumps and 
feed grinders) can be converted to run on alcohol, alcohol/gasoline"^ 
blends, or methane. Work is underway in adapting diesel engin&s, \ 
which power most mobile farm equipment/ to run on ditesel/alcohol 
or- alcohol/vegetable oil blends. 

^ * -\ ' ♦ 

v Of f .the farm, the market for alcohol is growing. Though 400% 
alcohol' fuel cannot compete pricewise with gasoline, millions of 
gallons of gasolWl (90% gasoline/lOST agriculturally-derived alco- 
hol) have been sold in the Midwest, Virginia, and other ^states . " 
Since the* National Energy Act (NEA) exempts gasohol from the 4C/ 
galldn excise 1 tax, a gasohol dealer* has a 40C incentive for every 
gallon of alcohol he buys. > And the user gets a moire efficient, 
cleaner-burning (alcohol reduces. the need for octane-boosters) 
„fuel. ' 

Alcohol " fuels supporters want to see agriculture reidentified 
as energy production, not just food production. Becoming energy 
producers, many farmers feel, may* offer them the market diversity 
they have needed and a solution/to "overproduction , " the surpluses, 
that depress' prices and keep farmland idle. Federal legislation 
oh the books would allow farmers to use their set-a-side acreage 
to grow energy crops. The Department of Agriculture will decide 
this fall whether to initiate the program in 1980. 

The Bureau of Alcohol, Tobacco, and Firearms (ATF) , which 
licenses stills, 'is drafting legislation that would streamline 
the licensing procedure for alcohol fuel producers. The Bureau 
has been grafting "experimental" licenses to farmers to allow 
them to produce their own fuels and roughly 4l)0 applications have 
already been received this year. (Applications for licenses can 
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be itiade through the ATF's Regional Regulatory Administrators in 
New York City, Philadelphia, Atlanta, Cincinnati, Chicago, Pallas, 
^nd San Francisco. ' . 

Support for alcohol fuels is growing. Several states have 
gasohol fuels commissions to encourage gasohol use. The National 
Gasohol Commission, Inc. , was established as a clearing- 
house fqr information on alcohol fuels policy , production, and 
legislation. (For more information write the" Commission at 
521 South 14th Street, Suite 5, Lincoln, Nebraska 68508.) And - 
members of the National Alcohol Fuels Commission/ authorized by 
Congress to recommend near-term policy with respect to alcohol 
fuels, are being appointed this spring. < 

A Department of Energy-wide. Alcohol Fuels 4 Policy Review 
Group solicited comment on the economics, supply, production, 
and end* use off alcohol fuels like ethanol, methanol-, and gasohol. 
Their report, which is due out soon, will make policy recommenda- 
tions and suggest DOE initiatives in support of alcohol fuels. 

*{ 

This Vehicle Can Run On 




GASOHOL 



The American Renewable Energy 
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TITLE: 
AREA: 

OBJECTIVE: 
MATERIALS : 



ACTIVITY: 



LOUISIANA'S POTENTIAL AS AN ETHANOL PRODUCER 



e student will be able t& give reason^ ,f or 
uisiana\s potential as an ethanol producer 



4, 

> ' 5, 



Social Studies , English, Science 

Louisiana's^ pot 

Outline maps 
Paper 
Pen 

Handouts * 



After reading the" attached handout information, the 
student will answer the following /questions,: 

1. List the unique characteristics of Louisiana » 

which make it an ideal location/'f or the production 
of gasohol. * - * ' • ' . 

-2-*— Wha t -trend s Jiave^JLesLLouis ian a to a critical con- . 
siderfetion of alternative sources "of energy? 
Why is the Louisiana sugar cane industry considered* 
a threatened industry? ' > , 

On" aa outline map of Louisiana*, locate 10 of the 
state's existing sugar mills. mt0t > 
Devise a comparative chart which analyzes thejid-- 
vantages and disadvantages of usipg sug a * * ' an d of 
using corn in/the production of ethanol. 



'~ I 



ERIC , ' • 277 312 



HANDOUT 



LOUISIANA'S POTENTIAL AS AN ETHANOL PRODUCER 

Louisiana's Unique Combination of Characteristics Point Toward 
EthanOl ^Production 

Discussions a£ alcohol fuel and gaso f ^ol invariably end with 
the statement, "pL any place can do it, Louisiana can'* 1 The- basis 
for this asser^/ron is Louisiana's unique combination of character- 
istics as an ^ergy provider, a sugar cane producer, a port state 
and a leader in energy transportation and transformatipn. 

SinGe the late 1800s Louisiana has produced oil and gas for 
the nation, second only to her sister state Texas in production 
volume. Twentieth century America has looked to Louisiana for the 
energy necessary to support its energy intensive standard of 
living. It was in 1909, in Baton Rouge, that. the largest capacity 
petroleum refinery in the United States began processing crude 
oil. It was the .following year that the first long distance 
.pipeline supplied oil to the refinery from Oaddo Parish. Since 
«those early^days Louisiana has set the pace technologically and 
provided sjcill; iiviovation and expertise as well as energy to the 
nation and the world. 

However, by definition, Louisiana's nonrenewable energy 
sources are finite. The state's oil reserves peaked in 1970 and 
havejbegun an inevitable decline. * * . 

VThile Louisiana's "conventional," nonrenewable sources of 
energy are rapidly beirig deple£ed, the nation whose energy needs 
Louisiana long helped supply continues tQ consume ever greater 
^mounts of energy. Predictions show energy Consumption in the 
U. S. to be increasing at an annual average rate of 2.2 percent 
per year. These opposing trends have led the United States to 
dangerous dependency' on foreign energy and have led Louisiana to 
a critical consideration of alternative sources of energy. 

A factor leading to the consideration*"*^ ethanol production 
is Loudsiana's svfgar cane industry. This state f s sugar-cane ^ 
farmers supply ^42 percent of the nation's mainland domestic cane 
production. In fact/ only four states in the United States pro- 
duce sugar cane which ds an extremely efficient bio-converter 
of solar energy. 

Cultivated in Louisiana since the late 1700s / the amount of 
caxi^ produced in the st&tfe has steadily increased over the last r 
50^ears with 1977 production at 7,695,000 tons. In spite of the 
increase/ the Louisiana sugar qane :lndustry is considered a 
threatened industry, continually faced with' the pressure ofNLow . 
wbrld sugar price. s Longer growing seasons and" lower production 
costs give foreign ,cane producers, a' decided economic advantage 
over their counterparts in Louisiana. As a matter of agricul- 
tural policy, Louisiana would strive* to provide all possible markets 
if-- - for her sugar* cane producers . The potential of ethanol production 
££y^ is therefore* V%ry attractive to tha/fetate. 
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A related advantage Louisiana provides for ethanol produc- 
tion is the existing sug^r mills, 34' of which were operating 
within the state in 1976. These mills reduce cane to sugar juice 
suitable for fermentation. Further, Louisiana has long supplied 
the world with sugar related engineering expertise. Numerous 
engineering firms And machine shops have provided technical, 
assistance on sugar engineering problems the world* bver. Such 
technological familiarity can only expedite the development of an 
efT-icient ethanol fuel industry in Louisiana. 

Louisiana's Corn AS An Ethanol Feedstock 



In 1978 Louisiana produced 2 ,773, 000 bushels of corjtf from 
65,000 acres. The cash value Of the crop was estimated at 
$1>930,000. * t ' ' 

Ac^reage in corn production in Louisiana has steadily decreased 
over the last 15 years. Note, however, th^t prothickion yields per 
acre have increased so that actual Jgrain production has not de- 
clined as dramatically as has the acreage planted. 'Economic 
pressures from alternative crops, particularly the recent success 
of soybeans, have tended to shift farmers out of corn cultivation 
in Louisiana. , . 

Corn, considered an excellent feedstock for ethanol produc- 
tion, is being used to manufacture ethanol for gasohol in the 
Midwest today. It is preferred by producers because it is 
plentiful and has a high starch (complex carbohydrate) content 
which results in an alcohol yiq,ld of 2.57 gallons per bushel of, 
corn. 

Another attractive aspect of c6rn to ethanol is ^the valuable 
by-product commonly called Distiller) 1 s Dried Grain C&DG) . The DDG 
is an accepted animal feed -and, also [serves to alleviate what would 
otherwise be a serious waste disposay^ptoblenu Another positive 
aspect is that corn may be easily stored for later use. 

V 

Katzen and Associates' report to -the Department of Energy , 
"Grain Motor Fuel Alcohol, Technical and Economic Assessment Study , 
was based on a proposed corn to ethanol plant located in central 
Illinois. Hie study determined that the economic costs arid energy, 
requirements of a corn oil by-product system were too high to 
justify such* an addition to the ethanol facility. The report 
recommended that ethanol facilities for gasohol purposes be 
limited to the production of ethanol with DDG as the single by- 
product* * 

Corn stover (husks, stalks and leaves) has been suggested as' 
a bcriler fuel, but because of its low fuel quality , the Katzen 
study showed that use of the stover raised the price of the 
ethanol product over what it would have been had coal been used. 

In comparing the relative merits of corn and sweet sorghum 
as ethanol feedstocks, the Katzen report points out that sweet 
sorghum may not be stored, as its sugar deteriorates. On the other 
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hand, corn's stargh±content requires* a 'conversion step to fermen- 
table sugar, not required of/ the sweet sorghum. 



A 50 pe 
was investig 
such a plant 
cent corn ba 
higher fixed 
highe^ cost* 
the value Of 
is of a less 



9 

rcent corn, 50 percent sweet sorghum ethanol facility 
ated by the Katzen report, .The operating cost of 

was found to be 32 percent higher than for a 100 per- 
se case facility. Contributing factors were the 

charges related tq> Higher investment costs f °the 
of sweet sorghum relative to corn and a reduction in 

the stillage by-prodfuct credit (sweet sorghum stillage 
er quality and quantifty than corn stillage) . ' 



Robert Guillory of Eunice, 
announced a January 1980 groundbi 
St. Mary* Parish Port Harbor arid, 
issue revenue bonds with which tc 



esident f of Louisiana Gasohol, Infc, 
laking for. a plant that the 
(erminal District intends to 
finance' the facility. 



Governor Edwin Edwards' and representatives of Caldwell Sugar 
Co-op, Inc., of Thibodaux and Independence Energy Company, Inc., 
of New YOrk announced construction of an ethanol plant^ adjacent 
to the Caldwell Sugar Co-Op, Inc., sugar mill in Thibodaux. The 
plant *will be designed "to produce between 100 and 200 million 
gallons of gasohol a year." 
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h Raw Su^ar Mills 
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Location of 34 Louisiana Raw Sugar Mills 



From: Pricing Methods for Raw Sugar in Louisiana, Edward Jordan, 

Ewell Roy, Department of Agricultural Economics Research Report 
No. 538,. LSU*, Baton Rouge, Louisiana, 1978, p. 3. 
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CORN ACREAGE PLANTED IN LOUISIANA 
1964 - 1978 
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Source: 



L. Fielder and S. Guy;* . . 
Agricultural Statistics for 
LguTSlana. 1964-1,977 : Depart- 
ment Agricultural Economics 
(DAE) Research Report No. 541; 
LSU, Baton Rouge, Louisiana, u 
1978; and L. Fielder and B. 
Nelson; Agriculture^/ Statistics 
and, Prices for Louisiana^ 1975- 
1978 , DAE Research Report No. 
554, 1979. 
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GASOHOL— A POSSIBLE ALTERNATIVE ENERGY RESOURCE 

r 

Science , Social Studies 

To familiarize students with gasohol. 



Handout 

Pen 

Paper 



Answer the following questions from handout, "Applica- 
tions for Ethanol Produced in Louisiana." 
/ * 

1. What are some possible uses of Louisiana's 
ethanol? What appears to be the best snort-term 
market for it? 

2. "Gasohol ! \ has come to, mean a blend of w,hat? 

3. What are two advantages to mixing ethanol with 
gasoline? 'It also frees the refineries to do 

, wfrat? 

4. What did Bell Telephone's preliminary test on the 
use of gasohol reveal? 

5 4 What three m technical benefits did the Department 
of Energy CDOE) note? 

6. No tests to date on gasohol have indicated a? K 
necessity to do wfy^t? 

7. Irr addition to the general public, what group of 
pebple support the use of gasohol? 
Specifically, what group in Louisiana supports its 
use? 
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APPLICATIONS FOR EJIUlNOL PRODUCED IN LOUISIANA 

1 Gasohol appears to be the most feasible short-term use of 
Louisiana's ethanol. As such a detailed discussion of ' gasohol 
follows. Other possible short-term applications are gas turbines 
•and use in the' petrochemical industry. Gas* turbines are presently * 
providing .power for electrical power generating stations, oil and 
-aaS.J^iEftijLx^^pump-in^-^tations and jet aircraft engines. The last 
.use is not practical for ethanol, since its lower BTU ratio makes 
it too bulky for aircraft use. The turbines of electrical power - 
generation or pipeline pumping stations are both feasible as 
ethanol facilities. * One of the factors recommending the use of 
ethanol for electrical power plants is that the utility sector is 
already closely regulated by the government. Therefore, a govern- 
ment plant embracing ethanol hs a source of energy for electrical 
power plants might be easily implemented. The Power jplant and 
Industrial Fuel Use Act of 1978, which limits the use of natural 
gas for production of electricity, is also a factor. On the, other 
hand, ethanol contains only about 65 percent of the energy, on a 
volume basis, of conventional liquid gas turbine fuels so that 
almost twice as much alcohol must be burned for equal power out-* \ 
put. Use of -biomass ethanol* in the petrcSchemical Industry is 
technically feasible but other factors are discouraging. Fore- 
casters see limited marKet growth for the industry which is 
presently overproducing. 

Therefore, the short-term .market for ethanol in Louisiana * 
appears 'to be c/asohol. 

Gasohol For Spark Ignition Engine Use 

-> - 
Gasohol's history as a motor, fuel was "recited earlier, 
tracing its use from the earliest engines to the present. Today 
"gasohol" has come to mean a blend of 10 percent ethanol and 90 
percent gasoline. The United States Department of Energy reports , 
that there were over 800 outlets retailing gasohol in 28 states 
in June off 1979. In November of 1978 there were only three 
•plants producing biomass-based ethanol for gasohol: Archer Daniels 
Midland of Illinois; Milbrew, Inc., of Wisconsin; and Grain 
'Processors of Iowa. By May 1979 , these- thrpe plants were pro- 
ducing approximately 150,000 gallons of ethanol per day, which 
wodld in turn produce 1.5 million gallons per day of gasohol. 
.During 1979 other plants had begun entering the industry. 

High consumer preference for gasohol is behind the surge in 
demand. The DOE finds consurter demand to be based primarily on 
three factors: (a) driver-perceived 'improved drivability, 
(b) donsumer preference for renewable fuel, and (c) lower selling 
price than high octane gasolines. In an Iowa state marketing test, 
9 gasohol outsold gasoline 3.9 to 1. 
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The marketing of gas-ohol has been mainly by independent 
retailers who simply convert existing' pumps to gasohol pumps 
and either mix the blend themselves or buy from, a wholesaler who 
has-doBe the mixing. At present, retailers are selling gasohol 
because it has a higher octane rating than does "regular" unleaded, 
Retailers like the advertising value of a new fuel, and they, may 
garner an adequate profit from gasohol. 

Ethanol is both a gasoline extender and an octane improver. 
Assuming a positive energy balance irv ethanol production process/ 
the 10 percent in the gasohol blend provides more gasoline to tl\e 
market. The octane improver characteristic is important because 
the' octane improvers currently . permitted on the market, TBA (ter- 
tiary butyl alcohol) and MTBfi (^methyl tertiary butyl ether) ; are 
produced fiatpm petroleum and, thus, aggravate our dependency on 
nontenewab^| fuels. 

Furthefr^ DOE' "points out that ethanol as an octane enhancer 
reduces th^amount of "re'f owning" of oil to gasoline and so frees 
the refineries to pfoduce more lower octane gasoline. "This in- 
creased capacity represents not oil savings per se, but rather the 
ability to shift production to gasoline from" other petroleum pro- 
ducts such as distillates." 

Further testing of gasohojU s fuel economy i£ needed in order 
to gather scientific (Tata. Such tests must employ standardized 
engines and fuels. It is promising,, - however , that in the inexact 
yet extensive tests to date problems* with gasohol f s use have not 
arisen. For example, Bell Telephone Company's preliminary test 
results using gasohol show a 3.Q3 percent increase in mileage, 
while most tests &how eqy'al or better mileage with gasohol. 



RELATIVE ENERGY CONTENT OF GASOLINE AND ALCOHOL FUELS 



Fuel 


Energy Content 
(Btu/Gallon) 




s Relative Miles/ 
Gallon of Fuel Used 












Gasoline 


124,000 




mmm 
























Methanol 


64,800 
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Ethanol 


84,600 
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From: Biomass-Based Alcohol Fuels: The ftear Term Potential 
for Use with Gasoline , Mitre Corporation, Metrek 
Division, McLean, Virginia; 1978, p. 10. 
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There is- no v technical basis for expecting mileage improve- 
ments since ethanol has a lower energy content (i.- e. , lower BTU 
va%ie} than does gasoline. Researchers believe that the improve- 
ments' in fuel economy and efficiency are attributable to alcohol f s 
ability to "lean 11 the gasohol mixture to be combusted, thus 
improving fuel characteristics for that particular engine: 

. DOE notes three technical benefits with regard to gasohol: 
ta) improved octane value, (b) reduced hydrocarbon and carbon 
monoxide emissions, and (c) general interchangeability in un- 
modified engines* The possible technical problems listed by DOE 
are: 'phase separation, vapor lock, and reduced drivability. 
"These problems seem to be amenable to solution using technology 
currently at Jiand*" 

f Consumers have claimed improved drivability and less knocking 

, as attributes of gasphol. The octane value of .a fuel measures the 
anti-knock qualities of that fuel, and is related to the compres- 
sion ratio of the engine* The higher the engine, compression i*atio, 
the higher the octane gasoline is required to operate the engine 
. efficiently. Engines with low compression ratios reap no added 
benefit by using the highest octane fuel available. The^octane 
. rating of a fuel is usually measured as an average of the research 
octane number and the motor octane number as- seen in the fable 
•below: * 1 

4 • * 

GASOLINE/GASOUOL OCTANE SPECIFICATIONS 





Cui'rent 


Octane 


Numbers , 




, Ron 


Mon 


(RHM)/2 


Unleaded Regular 


92.3 


34.0 


88.2 


Unleaded Premium 




* 




Leaded Regular 


• 93.4 


86.0 


89.7 


Leaded Premium 


98.9 


81.5 


95.2 '* 

i 


^ Gasohol 


« 


9 





1 EPA estimates. See DOE/EIA Analysis Memorandum, 1S8Q 
Motor Gasoline Supply and Demand, December 8, 1978, p<jge 30. 

% ' 

^Based on average octane bopst quality of 2 nimbers (R + M)/2 
for 190-h proof etharvol when blended with current unloaded 
regular gasolines. 

q From: Thd Repoft of the Alcohol Fuelg Policy Review , U. S. 

£RJ£ Department of Energy, Washington, D. C; 1979, g. 35. 
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Up to 40-50 percent of -new cars-suffer engine knock w*)en 
usipg regular unleaded gasoline. Gasohol 1 s added octane value may 
help make- the operation* of these ^vehdcles more efficient. 

None of the tests run to date-' on gasohol performance have 
altered or modified the test automobile engines. This supports 
the Contention that no changes in existing pngines are necessary 
in order to use gasohol-. 

• The type and degree of emissions from engines fueled with 
gasohol is a matter of environmental concern. There are five main 
types of combustion emissions: carbon. monoxides , hydrocarbons , 
nitrogen oxides, sulfur . oxides , as well as particulates and smoke. 
Sulfur oxides and the particulates and smoke are not considered 
as significant as the other thr^e types* an<|, 'so, are not regulated 
by the U* S. Environmental Protection Agency as are the first 
three. , 

* \ 

The 1970 f s and sharply ri'sing oil prices brought a groundswell 
of public support for efforts to lessen the United States 1 depen^ \ 
denoy on foreign sources of energy. Further, support for the \ 
'American farmer ha<s led, to- a renewed interest i* alcohol fuel. 



By 1979, gasohol was being sold at 800 retail outlets in 28 statesl 

s are being 'called in as "alcohol consul- \ 



and old. time moonshiner 
tants." ; ' 
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TITLE: 
AREA: 



STEPS INVOLVED -IN PRODUCTION OP ETHANOL 
Science (Specifically chemistry) 



OBJECTIVE: To become familiar with steps involved in ethanol 
production. 

MATERIALS: -See specific laboratory experiments. 

ACTIVITY*: The exact procedij^fes— for- the- following suggested ac- 

tivities^can— be^f ound in almost any chemistry laboratory 



book, 



1. Fermentation 

2. destructive Distillation- of Wood (IPS suggested) 

3. Fractional Distillation (IPS suggested) 
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y ETHANOL PRODUCTION POSSIBILITIES IN LOUISIANA 

\ ■ 

Basic Existing Technologies % ' t * 

Ethanol may be produced from renewable resources using the 
simplest of technologies. What is done is to^ release '£he energy 
stored in plants by the photosynthetic process and transform it^ 
to a form of energy which may be utilized by machines. 

Two steps are involved — fermentation and distillation, .For 
fermentation carbohydrates must be broken down to simple sugars, 
a step accomplished by enzymes. Yeast is "then mixed with the 
glucose and the yeast secretes enzymes which convert the glucose " 
to ethanol and carbon dioxide: • # 

r 

C gv H 1 2 0 g 7> 2C 2 H 5 ° H + 2C0 2 

GJucos.e Alcohol Carbon Dioxide 

!\ 

Distillation then removes the alcohol by boiling off the vapors 
and collecting the purified alcohol. \ Since the boiling point of 
alcohol and the water in tfie aqueous* spillage are so close, a 
number of boiling steps are required 8 fcp yield a relatively pure 
alcohol. Thi^s process is called fractional distillation. In 
order to purify the alcohol completely an azeotrophic benzene dis- 
tillation step is required. It- has" been argued that spirit 
%lcohol (less than 199 proof) may be used for gasoh6l purposes but 
threats of phase separation, vapor lock and other mechanical dif- 
ficulties dictate the production of anydrous, 199 proof (99.5 percent 
pure) alcohol or neat alcohol which is 20t) proof (or 100 percent 
pure) . ______ 

Using this basi)c 'technology ethanoPmay be derived from sugar 
crops, starch crops, even cellulosic material. The low price of 
celluJLosic feedstocks must v be balanced against the high price of 
processing. ^.Such processing costs will hopefully decline as 
cellulosic fermentation technology is perfected. Fermentation of 
starch crops is attractive because of the weir established tech- - 
no logy; however, starch feedstocks tend to be expensive and have 
questionable *energy balances. Sugar crops are_ the most efficient 
bioconverters and storers of s&lar energy but l:he limited 
availability pf sugar juice makes %hem..unli^.3,y^andidates for 
solving the nation's fuel crisis. Further, sugar crops present 
storage difficulties. 

The first step in processing cane for ethanol is the milling 
of the stalks, which may be done in the traditional manner just 
as it is for refined sugar. 

• Because of the short harvest season for Louisiana cane the 
mills lie idle the greatest part of the year. Harvest in 
Louisiana is generally about a 90-day period stretching from late 
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September to mid-December. This is in strong contrast to the 
year-round Brazilian sugar cane harvest. The obvious solution 
of storing the sugar cane for later milling is untenable because 
the, sugar deteriorates rapidly after the cane is harvested. 



«5 



Proposals for extending the season have ^been made, chief 
among them the integration of other crops. Sweet sorghum, with a 
possible maximum season of 180 days, is under close scrutiny JF 
particularly because it may be milled by existing sugar cane 
mills. Other sources of starch or cellulose would require 
additional processing equipment. 

After the cane is milled the next major step is fermentation. 
F. Schaeffer in the Battelle report, "Sugar As A Source Of 
Fuels," has detailed a model sugar cane to ethanol plant. The 
plant would produce 12,636,000 gallons of ethanol per year at 
capital cost of $59,500,000. The daily capacity would be 9,000 
short tons of cane producing 140,400 gallons of ethanol. These 
figures represent a yield of 15.6 gallons of ethanol per ton of 
cane. 

- After the sugar juice is extracted (which may be done in 
existing sugar mills) it is concentrated €o a 20 percent sugar 
solution in preparation for fermentation." The 20 percent sugar 
concentration is necessary to assure a -10 percent ethanol con- 
centration at the outset of the distillation process/ By using " 
a high concentration of yeast the Schaeffer model cuts fermenta- 
tion time to 18 hours. 

The distillation of alcohol out of the aqiieous stillage 
takes place in the stripping-rectif ying distillation columns. The 
resulting 95.5 proof alcohol is „transf ormecl to absolute or 200 
proof ethanol in a benzene azeotrope reaction in the azeotrophic 
distillation column. 

•The remaining stillage is concentrated by evaporation and 
dried for storage. The Schaeffer model notes that the Spent yeast 
could be added to the stillage at this point which would improve 
the quality of the DDG processed. 

The bagasse (the discarded cane stalk) ,is burned to provide 
the-total power requirement of the facility. This is done without 
bringing any trash (leaves and remains from harvesting) in from 
the fields. The model supposes that the utilization of trash could 
provide excess electrical energy generation. 

i 
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ETHANOL FROM SUGARCANE 
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From! Su«ar Crops as a Source of Furls, Vol. Ijt, Llpinsky et at; 
Bat to 116 Columbus Division, Columbus, Ohio; 1973, p. 84. ' 
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AREA: 



THJ PROS AND CONS OF GASOHOL 
Social Studies, Science, English 



OBJECTIVE: The studerft will beLable* to identify the various ad- 
vantages and disadvantages of gasohol.' 

MATERIALS: . Handouts 

Transparencies > 
Library literature 4 f * 

Research literature 



ACTIVITY: 



'4, 



Students should do library research oh. the availa- 
bility of materials on gasohol. 

Use the attached bibliography to write to sources 
which can provide additional information on gasohol. 

Divide students intp twjy groups in 'order to list 
and explain the advantages and disadvantages of 
gasohol; debate the '(pros' and cons of gasohol-" 

Have two students with identical make^ancf* model 
cars engage in a test drive of the same di stance , 
one using gasoline and one using gasohol, and report 
back to the cla'ss on the number of miles traveled 
per gallon. Thus, the class will be able . to make 
a mental comparative analysis of the test drive. 
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ENERGY CONSERVATION 

Until recent years , energy was cheap ^nd abundant in the 
United States and there seemed no 4 * need conservation. f But 

matters have chancfed drastically, parti culifcply since Near 
East embargo on oil exports. Conservation of energy resources/ 
which means making the best and wisest use of these resources/ 
was forc^edon the American public. We are urged to conserve 
gasoline,- natural gas, fuel" oil ^and electricity. 

Increases in the price of these products h^ve helped ^promote 
conservation/ and there have been some short-term savings 'in 
energy. Obvious measures, • such as cutting down on display lighting ) 
lowering thermostat settings in winter and reducing driving, have 
helped cut energy use. 

We can consider two major thrusts in the area of energy con- 
servation. One is the research and r development programs being 
carried out by government agencies, utilities, and industries in 
an effort to m^ke better use of energy resources. The other is 
the awareness tJjiat each of us as consumers should have of ways 
in Which we can conserve energy. ^ 

A major example of research in conservation technology is 
. that being carried out through the National Conservation Research/ 
Development and Demonstration Programs funded through ERDA .1 Some 
of the aims of these programs are as follows: improving reliability 
and cutting energy^losses in electrical distribution systems; 
developing method^ ,rt?r energy storage; assisting industry in be- 
coming more efficient in their use of energy; developing uses for 
waste heat; developing, economically feasible methods of decreasing 
energy loss from existing buildings; developing improved design 
for new buildings to reduce energy consumption; disseminating In- 
formation on the energy efficiency of appliances; and' encouraging 
industry to develop more energy-efficient products. * 

There are many things we can do in our homes each day to 
reduce the use of^ energy. Heating and cooling systems are the 
greatest energy users in our homes. There are many ways to save 
on eneirgy in this area. The. first is adequate insulationV - Since 
the greatest amount of heat loss or gain is usually through the 
roof, proper attic insulation is a must. So is insulation in out- 
side walls and in ^floors covering unhealed areas. Weather s*tr ipping / 
caulking and storm doors and windows also help to keep heat loss 
at a minimum J.n winter. During winter , a iftaximum daytime temperature 
of 68 degrees is recommended. This should be several degrees lower 
at night and when you are away for a while. During the~summer~, 
J?8 degrees is a comfortable temperature. Since high humidity makes 
us feel warmer, a humidifier in the winter and a dehumidifier in 
the summer may Help save energy in the long run. In, the winter, the 
aj.r from dn electric clothes dryer can be vented into the house to 
add warmth and moisture. The* proper use of lined or insulated 
drapes can help control a home's temperature. On sunny winter 
days, they should be opened to let the sun help warm the house. * 
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Otherwise, they should be closed in winter . Qru-suim^-suFnmer .days, 

the drapes should be closed to keep The sun out. If possible, 
unused rooms of a home s*hould not be heated qr cooled. Air con- 
ditioner and heater vent^s or outlets should not be obstructed by 
furniture or drapes. Heating and cooling^ equipment should be 
kept clean and properly adjusted to operate more efficiently. 

Heatinq water usually consumes the second largest amount 
. of energy in our homes. There 7 are several ways to reduce energy 
requirements in this area. In buving a water heater, choose 
one with high efficiency*, an* goodfinsulat ion . Get only the 
size needed, since too 1-erg^ a tank wastes energy. Try to place 
the water heater as near as possible- to the major areas of t hot 
water use to minimize heat loss in the pipes. Do not set the 
thermostat highe^ than necessary and use hot water onl*y when 
necessary for laundry and dishwashing— cool or warm water, can, often 
be substituted. Eliminate leaks in faucets, particularly* hot 
water leaks. • *» , * , 

'It- 
Proper use of home appliances can furthe^cut energy use. For 

example, open and close Tefrigera^or and freezer doors only when 

{lecessary. Use smaller- burner and smaller oven in the kitchen 

rfcnge whenever possible. Wash only full loads , in dishwashers and 

clothes washers. It may be possible to eliminate' the drying cycle 

on the dishwasher" by simply opening the door when the wash cycle is 

finished and letting the hot dishes air dry. Save.energy by always 

• turning off lights when leaving a room, even if onjLy for a few minutes 

Use fluorescent lamps wherever possible, since they use much less 

energy than incandescent, byflbs. for the sam^ amount of light. 

«As<we have seen, electricity cannot be effipi^fitly stored, 
but must be. generated as neeflfed. Thus, utilities must, be equipped 
to generate enough electricity to meet peak ctentands, even though 
much 'of the equipment is* not needed at otjner times. So, it is 
helpful, to use electrical power when demand is low. The, peak 
times are between* *&j?.m. " and,»8 p.m. in winter and between 1 p.nu 
and 5 p.m. in the summer,- There is. even 'talk of charging less for 
electricity used during ftonpeaJc hours, aV is now the case with long- 
distance phone -call£. * y : * * ^ 

Various consumer groups have calculated that home consumption 
of energy could be reduced by 15 percent by common-sh&re avoidance 
of waste . • s 

AN EN ERGY CONSE RVATION ETHIC 

Some sort of ethic stands behind\every moral principle, 
-4*4Btorica-ily , Americans have believed 'in a " Wo? IT" E t HTc 1 ^- w o r k "as " 
ha-^d-as— possible, - pr oduce -as ffiuclr as possible, be as comfortable 
as possible, and be as successful as possible in 'terms of income 
and acquisitions. As a result of this productivity, our society 
has become increasingly prosperous and we have grown with little 
^concern for future generations. 
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In the past, energy and technology increased worker pro- 
ductivity and provided an outlet for Improved disposable income 
(longer vacations, more expensive cars, added convenience at 
home). As a result, American society has become increasingly 
'energy-intensive and wasteful. Now that American energy supplies 
are dwindling, it is essential that, some behavioral changes 
occur in our society. 

In order to slow the exponential energy demand growth rate 
which may limit energy options available to future generations, 
citizens must adopt an Energy Conservation Ethic. Such an 
ethic not only can induce cost-saving responses, but can also 
productively change the American way of living. Teachers have 
the opportunity to make clear to teenagers that such an ethic 
is based on a realistic comprehension that so many of the raw 
materials on which cu'rrent living standards rely will not be 
available much longer. 

It goes without saying that conservation measures cannot be 
effected without some action by the 'consumers; such measures may 
not only alter the "comfort" citizens derive from conservation 
but also their "freedom" to consume. As observed in the Scientists 1 
^g^ggigjj^QA E nergy Policy : "One man's conservation may be another 
man's loss of job. Conservation, the first time around, can trim 
off the fat, but the -second time will cut deeply." 




THE GOOD OLD DAYS?, 

Interview someone who is old enough to remember what life was\ 
like before the days of gre^t usaqe of oil and natural gas. 
- Ask him/her the questions 1/hat follow and others that you think 
I of yourself* 



r 



1. What kind of lights did^ou use in your home? 
How was it* heated? 

2. What fabrics were clothes made of?_ 

Was clothing harder or easier to take~care of?" 

3. What sort of. washing machine did you have? 



4. What kind of stove (and what kind of fuel) did your family 
use for cooking? 



So.rDid you have a refrigerator? 

How did you keep your food frelh?~ 7 y 

6. How was fqba packaged when it came from the store? 

s What did milk coidp in? 

Was your milk delivered? "How? 



7. Iflhat sort of soap did you use? v 
Did it clean as well* as the c leTneFs^weTiave""' now? : ~" 

8. IJow was the water heated for. bathing and laundry? 

9. Did your family have a car?_ ; If not, how*did you 

f travel? ^_ How did you get to school? 



10. Did you have a radio? What' <l id it look like? 

, Did you go to the movies ?_ 

What kind of entertainment^ did you enjoy? V" " 



Think up as many questions <3f your own as you can. Ask them durin 
the interview. 



In what ways is life for you more enjoyable now .that we have 
electr!ic£ty, plastics, detergents, .and other oil and natural gas 
products.? . * 

In what ways did you like the f, good old days" better? „. 

v 
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TITLE: 



ENERGY EDUCATION/CONSERVATION EXAMINATION 



AREA; 



Science, Social Studies 



OBJECTIVE: To help measure the general awareness level of 

students in the area of energy and its ^conservation. 

MATERIALS: Energy Education/Conservation Examination, 
Answer Sheet 



ACTIVITY: Have students' answer the questions in the Energy 
Education/Conservation Examination prepared for 
this activity. The examination can be given as' a 
pre-test and administered later (after a study of' 
« energy) as a post-test. It could also be used with' 

school administrators , teachers, or parents. An 
answer sheet form to be used for responses and a key 
for the answer^are on the following pa w ges. 



\ 
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^ENERGY* EDUCATION/CONSERVATION examination 

Direct ion s : Please' do not wri te on the ex a m i n at icfru On the an swer 

sh eet provided , c ircle T rue ( TTor False (F) as it 
- pertains to each ' statement* on the exa mination . 

~ j 



1. Coal is the most widely tfsed fuel in the l^S. for generating 
electricity. 




2. "R-value" is a measure the' resistance \^ heat flow through 
a material. 

3. At this time, -the use of solar cooling for buildinqs, wind 
energy conversion, and electricity from photovoltaics (solar 
cells) is both. technologically practical and economical. 

4* The technology for converting fuels such as coal, oil^ and— 
uranium to electricity is firmly established, 

5. The population 6f the United States doubles about every 45 
years and the demand for electricity doubles about 'every 10 
years, 

6* The breeder reactor will probably^be used widely in the late 
1980's, f 



7* The light water' reactors *will be used widely, continuing beyond 
the time the breeder reactor becomes a commercial reality. 

8. The eastern part of the U.S.. has more co^l-^with lower sulfur 

content than the western states^' 

' .i . ^ , . * 

9. Open Vef rigerators or freezers in supermarkets waste energy ^ ^ 

i . . 

10, A- fuel cell converts gas directly into electricity. 

11, Widespread conversion of urban refuse into fuels could supply- 
approximately. 25 percent of our total annual energy consumption. 

12, Pumped stofage systems are a common means, of storing large 
amounts of energy. * " 

13, At -this tipe, ti\e use of solar heating and hot water systems 
is technically practical and economical, 



14, Solar radiation is* a source of non-polluting energy but cannot 
^ Be described as "free' 1 , because of the expense required in 

capturing the sun's energy in one manner or another, 

15, Effective energy conservation programs will give us tfte^peeded 
time to find and develop new* reserves and technologies R> meet: 

' our growing energy needs; , 4 



16; It is not technically possible today to collect energy in 

space and transmit it to earth by microwave-, / 

17< A significant portion of the total weight' of organic waste 
- is water) which cannot be used to produce energy 

18. The* mb^t efficient method of extracting energy from titfes r 
is to use dams and sluice gates across bays or estuaries 
where tidal heat can be used to run hydraulic turbines^ 

i 

19. The, first step toward reducing energy demand is to identify ] 
'and eliminate areas where energy is being Wasted.* - . 

2G. Charts of average wind velocities- for the entire United 
States are now Available, for use in determining optimum 
locations for wind turbine generators, 

21. The problem with using Wind to supply our energy needs is 
that it is unpredictable and unsteady ^ 

22. ^.The main reason we have wasted so much energy in the past 
/has been because the price has been low*. 

2 3,. *Phere are A/ery ^ew problems associated with the development 
* of qeothermal energy,. " 

24., The largest coal reserves in the western U*S. are found in Idaho.. 

2l5^ If all coal from reserves in the U^S. were mined and made 

available, there would he enough^to last us* for several hundred 
years- if used at. the present- rate of consumption-. « 

26. ■ The cost of transporting cdal can often equal the cost of ^ 
■ mininq. * - 

27. The costs of reclaiming .strip-mined areas and installing 
pollution abatement equipment must he passed on- to the 
consumer, * N 

?8 . Oil is the cleanest burning of the fossil fuels* and' is , 
therefore, in great demand. \ 

29. " The Federal Power Commission regulates the transport and sale 
off^- natural qas in interstate commerce" 

"i * \ ' 

301' The most significant Variable af feting fuel consumption 
in an automobile is its' weight. 

31. Urban refuse has approximately twice the heating value of 
coal. ► 

32; Radial .tires- permit up to six percent better gas mileage than 
standard tires, * 
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33. Fusion enerqy will probably not be available until about 
• the year 20QQ, if* at all. 

34. " Glass and metals # make up about 33 percent of urban refuse. 

35. ^ 'Nuclear fission is caused by.the splitting of^a nucleus of 

an atom into two approximately* equal fragments whose combined 
mass is lessxthan the original tiucleus. , 

36. % The fission enerqy from one ounce of uraniun/'f uel pellets * 

is equivalent to the 'chemical energy of * 100 tons of coal, 

* ■ ■ • ' • 

37. Uranium-238 can r „b£ used .to produce energy when transformed » \ 
into pldtonium throuqh neutron bombardment. - * * 

38. When spent fuel elements are removed .from a power reactor, 
they are no lonqer radioactive, 

39* If a reservoir has little or no storage -capacity,- it has . - 9 
limited value for producing energy. 

40. The "Priced-Anderson Act 11 - provides for the insurinq and in- 
demnifyinq 1 " of nuclear power plants. 

. if 

41. Sitipq and licensing^e^quirements for all reactors are governed 
by the regulations set* forth by the Federal Energy Adminis- < 
tration (TEA) " 

42. A breeder reacto'f makes Tit'' possible to utilize up- to 60 percent 
of the heat energy content of ura-uium ore, while water- 
cooled reactftrs utilize approximately one or two percent. 

43. The breeder reactor could greatly extend the length of 'time 
present uranium reserves would last. 

44*. The potential value of fusion power lies in the virtually 
inexhaustible supply *of inexpensive fuel which can be ex- 
tracted from water. <\* „ • 

»i 

45, The most favorable sites for large solar power installations 
appear tto be in the southwest. 

46, Some scientiista believe, the earth's atmosphere is increasing 
in temperature due to an increasing level" of carbon dioxide 
from pollution. „ ; l ~* 

47, Fluorescent lights are less' eff ioient than incandescent. 

48, Frost-free refrigerators arid/or freezers use 50 percent more 
energy|vthan manual units. 

49, A house without ceilincf or wall insulation will cost at l^^st 
twice as much to heat as one properly insulated. 
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50* Tlie south, side of a building gets more sun than the north 
side* b 

. & 

51. Good insulation in houses %s only important in the winter. 

52. The >est location" for the thermostat is cm the coldest 
wall. , ^ , 

53. . The energy used to drive a car initially came from the sun 

via green plants, ' - 



54. 



A , solid state color TV set consumes about 33 percent more energy 
than "a black and White solid state set* 



55, An insulation material having an R-value of 10 is better than 
one^having an R-value- of 18, 

.56, Fully insulating a home can cut the electric bill by about. 
5.0 percent > " " * 

57. - The heat lost through the house is primarily through the 

ceiling, 

58. Covering a window or wall air conditioner in the winter does 
not help*conserve energy* / ; 

o 59* Operating fuel heaters in an airtight room could lead to 

the consumption of all' the oxygen in the air anc^ could cause 
suffocation-, ' m - 

60. Lowering the thermostat ' from 72° to 68° and leaving it there 

> during winter months can result ~in a 20 percent reduction in - 
your heating bill. 

^ 

61. Setting back the thermostat at night can result in significant 
savings of energy and money,, . 

62, lb is be^ip use the central heat in|^sy-rtBm-* and the fireplace 

thfe same time, 

63, An air "conditioner cools and removes moisture from,-the air. 



64 



With more efficient production techniques in industry, over 
30 percent of, energy used now could be savesk 



65. - In the Tennessee. Valley region^ the water heater accounts for 

about 50 percent' of the electric bill* 

66. The United States has only about six percent of the world's 
population, bui; over 45 percent of the world's cars* 
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In the United States we now consume roughly 17 to 18 
million barrels of oil a day ^ and at a five percent rate 
of increase, this is almost a million barrels a.day ad- 
ditional^fequirement per year-* ' 

Large quantities of low sulfur coal can^still be mined at « 
a reasonable cost without -the associated risks of deep 
mining^ 1 

' » • r 

tf 

Five years lead time is required 'to get a nuclear plant 
operating in the United States, 

High-compression engines develop more power and .are more 
efficient than low-compression engines, but they have a 
greater tendency to knock and consequently require gasoline 
of higher octane* 

The anti-knock quality of a gasoline is usually expr^sed 
in terms of octane* / 

The lower the air or engine temperature, the greater the 
octane requirement* ' 

The use of lead components has been the most economical way- 
to increase the octane in gasoline • 

Octane is the sole criterion of a quality gasoline. 

Natural gas reserves are rapidly declining* dn the United 
States,* 

The 'liquid metal fast breeder reactor uses sodium' as the 
reactor coolant and uranium-238 as the fertile material which 
converted to plutonium as the reactor is operated* 

A one-inch cube o^ urafiium contains enough energy to supply 
a six-iroom house wi£h electricity -and heat for 1,000 years. 

The breeder reactor would consume more fuel than it produces. 

Thermal discharges can greatly, affect life cycles of aquatic 
organisms * 

The EPA regulates the amount of radiation permitted to be 
discharged from a nuclear reactor* 

To date, in the United States, there has been no radioactive 
release from commercial nuclear reactors which has exceeded 
recommended population exposure guides* \ ^ 

Nuclear reactor vessels are enclosed in huge concrete ^and 
metal containers which, along with many automatic safety 
features, are designed to prevent leakage of radiation. 

Higher fuel prices have been the primary reason for energy 
conservation to date. * 
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84, Serious accidents have occurred, in past shipment and 
'storage of radioactive, waste* 

85, Hearings are held for license ^application . in an area where % 
a- nuclear plant is proposed and the public, along with state 0 
and local authorities, can attend and testify* 

86, The electric range uses less electricity than the clothes 
dryer, windety air conditioner and dishwasher combined. 

87, Studies have shown that the average bath requires 10 gallons " 
of water, whereas the average shower requires about twice 
that much* 

88, Solar energy is responsible for producing fossil fuels. 

89, A British thermal unit (BTU) is the amount of heat required 
„ to raise the temperature of a pound of water 1°F* 

90, The Louisiana'Public Service Commission sets electric rates 
for local power distributors* 

91* Radioactive wastes have been safely disposed of in salt beds. - 

* The Middle East countries possess about 80- percent of the 

world's oil reserves* < . * ... . * 

93* The U,S, was s4lf-suf f icient in energy until about 1950, but 

since then ha6 deteriorated, x % 

94, Mercury/vapor lamps "are more eff icient . and produce more light 
with lefes energy than incandescent street' lights* 

V 

95* Ceiling insulation should be art least six to, teji inches thick. 

96,^ Almost 20 percent of all the energy Consumed in th<? U*S* is used 
in our households* 

97*. A 40-watt .fluorescent tube provides more light than three 
60-watt incandescent bulbs* 

" . / ■> 

98, Automobiles consume about* 14 percent of all th6 energy used 
in the U.S* 

99* The amount of material needed to do a gopd insulating job %i 
in your home depends on the type of material used* 

100,' The U*S* uses more energy per capita than any other nation in 
the world* . ' * . 9 
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ENERGY EDUCATION/CONSERVATION EXAMINATION 
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ENERGY EDUCATION /CONSERVATION EXAMINATION 
PERSONAL INFORMATION 



DATE 



NAME (optional) : 

ORGANIZATIONS: 

AGE: Under 18 '; 

JL9-25 

-26-35 

36-50 

51-65 ' 

over 65 



RACE: 



_Wh±te 
Black 
Other 



URBAN 



SEX: 



M 



OCCUPATION: 



_RURAL 

Student 

Teacher 

Other 



CIRCLE HIGHEST GRADE LEVEL COMPLETED IN SCH06l/COLLEGE : 
0-6 7 8' 9 10 11 "*12 13 14 15 16 17+ 

< r, . ' *) •/" • 
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-ENERGY CONSERVATION QUIZ 
COR RESEARCH) 

What Is Your E. Q.? (Energy Quotient) 



1. . Why are our major fuels called fossil fuels? 

2. What are the three principal fossil fuels? 

3. Name three nonfossil sources of energy. 

4. Of the. nonrenewable fuels, which is most abundant? 

5. Give examples of how the study of -energy can be related t 
science, mathematics, ^social studies, literature, art; 
music, # ' 

6. What are the .basic causes of the energy problem? 
7.. What are positive features of the energy shortage? 

8. What two categories combined take over half of tfie averag 
American family's energy (budget? 

9. What is the primary use of transportation energy in our 
country? 

10. Why is electricity I called seco ndary energy? 

$ 

11. In what two ways does electrical power waste energy? 

12. How were substantial quantities of natural gas reserves 
'wasted? z 

* 

13. What options do we have to ipeet energy demand? 

14. How is energy defined in physics?* 

15. - What are the two states of energy? * * 

16. What two kinds of energy . transformations take plaqe in th 
sun which man has learned how to duplicate? 

17. The three types of energy conversion processes are mechan 
(physical), chemical, and nuclear (atomic). - 

/"* 

(a) In which of these 'processes is waste heat generated? 

(b) Which is the primary process responsible for all the 
energy we have? t * 

(c) Which process takes place in a storage battery? L 

312 348 • . 




1*8. What unit is used commonly to measure potential or kinetic 
energy? > 

9 

19. • How is efficiency of; the energy process defined? 

j f 
20* What are the advantages and disadvantages of electricity? 

21. When a substance is.hea^ed, it increases the movement pi 
* atoms; therefore, he&t is really what kind of energy? 

22. Uranium, green plants, coal, natural gas, sunlight, fuel* 
oil , oil shale , and hydropower are sources of energy • 

4 (a) Which of these sburses are renewable or continuous? 

(b) Which of these sources are nonrenewable or exhaustible? 



-23. What generalizations can be made about fossil fuels? 
24, Which of the fossil fuels is most abundant in Louisiana? 



25. What invention gave the impetus 'to supplant , wood with coal? 

* r . - 

26. What are some advantages* in using oil or gas* over coal? 

27. Which fossil fuel is the principal one not being completely 
utilized ip the United. States? * 1 

28. What energy 'conversion process may ultimately create the 
biggest new market for coal? ? 

29. What are possible sources of energy for the future? 

30. What change took place in November, 1970, that qave us caus6 
to worry about our future oil supply? 

31. What is*> the goal of Projec-t Independence? 

32. Hame three technology advancements being made in the energy 
field. " - - 

33. What, are the three advantages of^r^ycling? * 

34. What are problems in total recycling of throwaway materials? 

35. What ways does the* concern, for v natural environment figure in 
the energy problem? ^ - * 

V. * 

36. yJhat factors will encourage the -development of new energy 

resources? 

37 y What lis the energy conservation ethic? 

38. How can the energy conservation ethic be^racticed in schools? 



What are some conservation measures which may be practiced 
in the home and community? 

How can local, state and^national government assist in the 
conservation of energy? N 



i. 
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ANSVJERS TO E.Q. QUESTIONS 1 

1. Because they are derived from animal and vegetable remains 
that collected at the bottom of ancient seag, and^s,wamps more 
than three hundred million years acjo. " ^ * 

2. Petroleum, natural gas, coal. \ \ 

3. Sun, 'wind, falling water, tides, plants, animals, ^muscles. 

4. Coal * 9 

5. The correlation of the study of energy to science and mathe- 
matics is obvious. Social studies trace the advancement of 
societies in relationship to enerqy use. Literature tells- 
of the lives of people involved in the development of energy. 
Th^ basic energy source, the sun, is frequently the -theme of " 
much music and art. 



6, (1) The fossil fuels in the earth now are, for practical pur- 
poses, all that we will ever have. This dilemma is at the 
heart of man's current energy problems. A2) The ^demand for 
energy is ever increasing. 



7, As a nation, \\ are realizing the'need to mov^ tcfward self- 
sufficiency, and technology is being challenged to- discover ^ 

, .new energy sources and.-conversion processes. 

8, The automobile and space heating; « 

9, Over half of the transportation energy in our country is con-: 
sumed by automobiles, which are used primarily to carry people 
rather than goods. . 

10, Because it requires conversion of a primary energy- source 

such as coal, petroleum", nuclear fission, or hydrppower for its 
generation. •* 

11* The turbines which generate electricity are less thari 50 per- 
cent efficient, and a substantial amount is lost^through 
transmission along' pqwer • lines • 



12. By 1 being burned off at the heads of oil wells before it was . ^ 
learned that gas could be used profitably. 

13. In meeting our energy demand, we can either import more 

fuel or reduce our- consumption. Other options #re intensified 
exploration for new reserves , -more • efficient ways of recovering 
fuel resources, and discovery oJF new sources and conversion 
processes*, • j» n * 

14 * Energy <is the ability to perform work^ . t • • 

15. Kinetic and potential. • * 

A 
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Fission and fusion* 

(a) All three. , X * * 

Cb) Nuclear ' \ 

(c), Chemical - 

V - , 

The ^British Thermal Unit (BTU) . ' 

The ratio of useful product to the total amount of energy 
input or output. * <$ 

Electricity is c^ean, available in.stantly, and easily trans- 
mitted. However, both the generation and transmission of 
electricity involve some waste energy. - * 

•Heat is a kind of kinetic energy. 

(a) Sunlight, grden, plants/ and hydropower. - 

(b) Uranium, coal, natural gals, fuel oil and oil shale. • 

Fossil fuels are found primarily within the earth and all "* 
are storable and transportable. They have nonfuel uses arid 
require altering the landscape for'their use. All are burned, 
producing heat^to perform Vork. Ali are nonrenewable/ 

Oil and, -natural gas. 

Steam engine . , „ * ' 

Oil and gas are cleaner, easier to handle than coal solids, > 
more versatile, and less polluting. 

Coal. 

■ . y t : . ' t 

Gasification. 1" ' ^ 

Hydropower, solar radiation, ,winds, tides and geothermal sources 

In Novembeir, 1970, the rate at which we were finding domestic- 
oil reserves failed, for the first time, to exceed the rate 
at. Which we were consuming oil. 



• National energy ^self-sufficiency- by 19 



5, 



Technological advancements are being midej in the areas of 
(1)- h&rvestifil energy resources withoyt aV high an environ- 
mental cost, \2) recycling to prolong/the * lif e of dwindling 
resources,.;^ 3f-' harnessing energy of renewable sources such 
as 'wind, sun, and' tides « \ 

Recycling U) extends the^life of products,, (2) cuts con- 
sumption "of natural resources, (3) reduces litter. 
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Problems in total recycling of throwaway materials are finding 
markets for the sorted scrap, costs of collecting and trans- 
porting i^ and energy consumption of machines which sort and 
process it* 1. ' * 

« 

present major extraction and fc conversion processes exact en- 
vironmental cost by releasing pollutants and causing damage 
-to* the land and bodies of water. * 

\ > 
Higher fuel prices to furnish an incentive for exploration and 
development of new sources of energy and conversion methods. 

An acceptance of the fact that resources, in particular our 
fossil fuel resources, fcre finite and therefore precious, to 
bd used wisely. 

Maintaining lower temperatures' and using electricity, paper 
supplies and other energy consuming materials carefully. 

Turning' off lights and appliances when not in use, keeping 
thermostats down, buying appliances which are efficient, 
providing adequate insulation.* 

Providing efficient ma^^transit , promoting nearby recreational 
attractions, enforcing lower speed limits, encouraging com-* 
munity planning to decrease commuting distances, enacting 
standards for more energy efficient cars and appliances,, stimu- 
lating technological 'advances in the discovery and development 
of new sources of energy and means of conversion. 




TITLE; VALUES CLARIFICATION ON ENERGY 

AREA: Multidisciplinary 

OBJECTIVE: To provide a.means for students to examine their 
values and beliefs about energy., 

MATERIALS: Energy Opinionnaire 

ACTIVITY-: Students should complete jthe Energy Opinionnaire. 

For each statement they should list as many reasons 
* as possible to subst^HTb^ate their opinion.' Students 

should be asked to 'aefenck their positions* 

Those opinionnaire items whrch elicit the "most obvious 
'differences of opinion or strong value judgments could 
be expanded into debate topics. Items 7, 11, 12 and 
16 are 4 examples . , • / 
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ENERGY OPINIONNAIRE 



•Name ; * Date_ 

Class " Teacher 



Directions: Please cross out thek^ord pr phrase within the 

parentheses which leasSt indicates your opinion. Be 
prepared to defend your opinion of belief. 

I believe that: % 

1'. The energy resources in the Onited States (are, are not) con-~ 
^ trolled by monopolies. 

2* There (is, is not) a shortage of oil in our country. 

3. We (should, should not) generate more energ£ by nuclear and 
fossil fuels. , ... 

4, ""Solar epergy technology for generating electricity (is, is not) 

well established at this time. 

* 5, Government funds (should, should not) be used to develop the 

railroads and barge traffic. v 

6. If fuel prices were to decline, consumption (would, would not) ^ 
'greatly increase. f - ^ 

7. American lifestyles (are, are not) wasteful of energy* 

8. Manufacturers (should, should notl be" forced to reveal the 
energy costs of their products . 

9* Nonreturnable and disposable containers (should, should not) 
be discontinued^ , % 

10 % Rising energy costs (have, do not have) a direct, personal 
impact on everyone* 

11* Everyone Cshould, should not) observe reduced speed limits to 
conserve energy. 

12. The use of energy tis, is not) a moral problem- involving 
stewardship of resources* 

13. The government (should, should not) restrict the size of cars. 

14* The cost of pollution' control (should, should not) be included 
in the individual customer's bill'. 

15. An individual (can, cannot) have an impact on energy consumption. 
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a}s'(will, will not) conserve energy if they realize 
ere is a problem* 

We (should, should not)^ develop energy .resources regardless 1 
of environmental costs/* 

All demands for' energy twill, will not) be met in the year 
2000* 

People Care, are not) bornj, greedy' and selfish in respect to 
use of natural resources. 

Strict* federal laws (will, will not) be the major factor* in 
energy consumption. - 

Nuclear power ( ( is, is not) too dangerous to be used in producing 
electricity. 

* 

Our government (is, is not) 'being effective* in solving our 
energy problems. 

Everyone - Cshould, should^ not) be required to pay for energy 
regardless of economic level. 

t 4 

The production of an adequate supply of energy (is, -is not) 
a major problem in our country today. 

The energy problem (.is, is not) political rather than technology 

The average citizen tis, is* not) getting honest information on 
energy problems and their solutions. 

Energy production (should, should not) be controlled by 
government rather than private" industry. 

Alternative. energy sources such as wind, geothermal, solar, 

and tidal power (are, are not) receiving adequate funds for 

their development.- , * 

Foreign countries (do, do not) have the right to charge any 
price they please for their natural resources. 

My family (is, is not) doing an adequate sjob of conserving 
energy. r 
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TITLE; ENERGY RELATED VALUE DECISION 

AREA: Science, Social Studies 

OBJECTIVE: . To confront students with the problem of making energy- 
related value decisions, 

MATERIALS: Case study - 

ACTIVITY: Students are arranged in groups of four. Each student 
is given a copy of the case ; Study and several related/ 
questions. As a grbup they are to discuss the prob- 
lems involved and try to come to a group decision, 

CASE STUDY 



Area r Along the- Ohio River, in an area called the 
Big Bend, 

Location: A 35Q-acre farm, . 



History : The people living in the area are direct 

descendants of a Southern plantation mastet, 
the original owner of the farm. The area 
was once a thriving plantation located along 
the banks of the river. Today, a single 
woman resides on the farm in question. She 
is the granddaughter of the origina-1 owner. 
The durrent^wner cares little for the farm- 
ing ways of life,* but has a' religigus rev- 
Terence for the land of her forefathers. 
Recently, she learned that less than 400 feet 
dowi^f on het land there is a four-foot seam 
of qoal. In addition,- natural gas has beTen" 
foun£ on -her f arm. She has agreed to allow 
the £jas to be pumped out, but no gas has - 
been removed to date. Not only that, but • 
various' individuals in the gas company have 
reputedly jasked for secrecy concerning her 
wells. 



Beyond this, a large electric company is con- 
sidering buying her farm as a site for a 
nuclear power plant. In attempting to pur- 
chase the farm, the electric company claimed 
no knowledge of the coal seam. Currently, . 
the owner does not want to sell. If she 
refuses," the state will condemn her land, buy 
it and sell it to the power company. 

QUESTIONS 

Does an individual haVe the right to refuse 
to sell his/her lan$? Does a power company 




321 



357 



have a responsibility to be completely 
frank with potential land purchases? 
Should land be used for "national need" 
as opposed , to "personal need"? If you 
were a power company president' would you 
take the ancestral home from a 75-year-old 
widow? Should a power company own land on 
which it does not intend to build a plant? 
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TITLE: 



\ 1 

\ LIFESTYLE INDEX 



AREA; 



Mathematics , Humanities , Science 



OBJECTIVE: To aid the students in understanding their life- 
styles in terms of energy requirements aria^to place 
their lifestyles in world perspective * 

MATERIALS: Pen 



ACTIVITY: The Lifestyle Index is designed to demonstrate how 

much energy a^ individual uses each year and how his 
standard of living- compares with that of an average 
individual in other countries of the world. 

The basic unit employed^ is the Energy Unit which is 
equivalent to about 10 kilowatt hours or exactly 
34.300 British Thermal Units. (See following pages.) 
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Part I-A. HOUSEHOLD ENERGY EXPENDITURES 
(Precise Method) 

<, 

The roost precise method of calculating household energy expenditures is. to, 
convert quantities of electricity and fuel used to Energy Units by applying 
the following conversion factors. If you have not retained bills for the 
past year, go directly to Part I-B and use the approximate method. If you 
do use this precise method, omit Part I-B (except for the section on Resi- 
dential Building Materials) and omit the section on Preparing and Preserv- 
ing in Part III (Foods and Beverages) and the section on Electronic Ap- 
pliances — Part IV (Leisure Activities). 

ELECTRICITY 

Multiply total kilowatt hours used in the last 

12 months by the conversion factor 0.368. . — "~ 



NATURAL GAS 

Multiply total cubic feet psed in the last 12 
months by 0.038. 

j FUEL OIL * 

I Multiply number of gallons used in the last 12 
| months by 4.5 ^ 

jj 

i Divide total energy units by number of users in 
j the household and enter total here and on page 

S 

J Port I-B. HOUSEHOLD ENERGY EXPENDITURES 
j (Approximate Method) 

\ HOME APPLIANCES * — — 
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Values listed in brackets are average 
Energy Units used per item annually. 
Multiply by the number of items in the 
hoaie. Appliances used in preparation 
and preserving of food will be figured 
in Part III (Foods and Beverages). 



CLCCTRIC APPLIANCES 



clock 


[6] 


floor pnl ishar 


[6] 


sewing machine 


[4] 


vacuum cleaner 


[17]. 


air cl«awr 


, [80] 


1'Oti covering 


[54] 


dahiimidif ier 


[128] 



heating pad 


[4] 


humidifier 


[60] 


germicidal lamp 


[52] 


hair dryer 


[5] 


heat lamp 




(infrared) 


[5] 


shaver 


[0.7] 


toothbrush 


[0.2] 


vibrator 


[0.7] 


clothes dryer 


[365] 


iron (hand) 


[53] 


v/ash machine 




(automatic) 


[38] 


wash machine 




(nonautomatic) 


[28] 
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Solar 



water heater 
(standard) 
water heater 
Cquick recovery) 

GAS APPLIANCES 
. clothes dryer 
water heater 



[ 1555] 
[17703 



[277] 
[11701 



Subtotal 



HOME LIGHTING 
Figures are for average annual 
use. If your household uses 
more or less, increase or de-\ 
crease~accordingly. 



Electric lighting [268] 
Ornamental gas f 
lights . [668] 



Subtotal 



j COOLING AND VENTILATION 



CENTRAL* AIR CONDITIONING (electric) 

New En gl an cf [755] 

Mid-Atlaritii k c [9571 ' 

East North Central [905] 

West North Central [905] 

South Atlantic [1510] 

East South Central [1560], 

West South Central [1710] 

Mountain [1058] ' 

Pacific [1210] 



CENTRAL AIR, CONDITIONING 
(gas) [1046] 



COOLING AND VENTILATION (noncentral) 

fan (attic) [1073 * 

fan (circulating) [161 
' ran (roll -away) [51] 

fan (window) > . [58] 

electric room air 1 

conditioner [316] 



Subtotal_ 
SPACE HEATING . " 

ELECTRICITY, NATURAL GAS, OIL, AND 
SOLAR HEATING 

if you have not used the -precise 
nieUiod of Part'I-A, the following 
cable will provide an estimate of 
sp^ce heating energy expenditure, 
depending on location and type of 



TTeT 

trie 



TTaT — 

Gas Oil 



Northeast 
Mid-Atlantic 
East North 
Central 
West North 
Central 
South Atlan- 
tic 

East South 

Central 

West South 

Central 

Mountain 

Pacific 



6480 5360 6380 — 
5800 4800 5720 2210 

6030 4900 5940 2290 

5350 4440 5280 2040 

4460 3700 4400 1700 

4040 3330 3.960 790 

2900 2400 2860 570 
4910 4060 4840 1870 
3800 3140 3740 1440 



COAL 

Multiply tons of coal used 
in the last 12- months by 
775. 



WOOD 

Multiply cords used J n 
last 12 months by 620... 

Subtotal 



RESIDENTIAL BUILDING MATERIALS AND! 
GROUNDS 

Total horre construe tion' anergy 
(4ficluding mining, processing, j 
fabrication, transportation, and j 
sales) has been allotted over th£ 
average lifetime of the home be- 
fore major alterations are re- t 
quired. A 25-year spa^has been 
• chosen for amortization. If your] 
residence was built in the "*ast 
25 years, add the following for 
building materials. 



single dwelling 
2- to 4-unit 
apartment- 
5-units or more 
apartment 
public housing 



[844] 

[642] 

[663] 
[700] 
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ADDITIONS AND ALTERATIONS 
Multiply dollars expended 
for this purpose during 
the past year by >.l 

Subtotal 



LAWN- AND GARDEN GASOLINE 
"ENGINES [50] 

Subtotal 



j 



Add all subtotals in Part I-B a 
and divide by number 'of users 
in^Householfl. £nten total here 
and *p*n page j3 32. 

Total 



Part II;. HOUSEHOLD MATERIALS AND 

PERSONAL ITEMS 
It requires energy to produce all 
, consumer products from house fur- < 
nlshin.gs to cigarettes. Consumer 
items such as rugs and soap require 
energy at every step of processing. 
In calculating Energy Units, it is 
necessary to include raw materials, 
processipg, freight, and merchandizing, 
Handera fting such household material # 
as 1 drapes does not result in energy 
savings, since an electric sewing 
machine probably uses more energy , 
than if mass production methods 
were used. 

HOUSEHOLD MATERIALS 
The following Energy- Units represent 
annual expenditures for manufacturing 
and rerchandizing household items* 
Operating energy will be calculated 
in Part IV for radios, phonographs, 
a^.d similar i terns. Energy units are 
calculated for the individual user. 
Make allowances if you are a heavy or 
light user. 
ft»rni lure 

electric appliances 
e lectrbnics equip- 
ment (radio, phono- 
graphs , etc. ) 
tottery, earthen- 



other househol d .wares 
(cutlery, glassware, 
etc.) " [10] 

rugs and floor cover- 
ings [29] 
other textile fur- 
nishings % *[73] 
tissues, paper towels, 
and other household 
paper products [25] 
cleaners and soaps '[337 ] 

Subttrtal 



[35] 
[45] 



[37] 



PERSONAL ITEMS 

Adjust, according to whether the 
individual is a light, normal ; or 
heavy user. 

WEARING APPAREL 
The large expenditure in the case 
of women's apparel is due to 
larger dollar sales and larger 
energy expenditures of establish- 
ments selling such apparel. 

men arid boys [155] 

woman and girls [204] 

MISCELLANEOUS 
toiletries and 

, beauty aids # [23] $ 

health and \ 8 

medical supplies [58] _ 

tobacco products 
(1.6 packs per day 
for average ciga- 
rette smokers) [36]. _ 
shoes, footwear ' [27] _ 

. other leather 
products (luggage, 
handbags, gloves) [6] _ 

photographic sup- 
plies [6] _ 
jewelry [12] _ 
costume jewelry [9] _ 

Subtotal 



ware, cinna 



Add all subtotals in Part II and 
enter here and on page 332 

Total 
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Part III. FOODS AND BEVERAGES 

About 12 percent of America '.s 
eaergy is used to produce, trans- 
port,, sell, and prepare foods. 
A large propo/rtion of this:is 
concentrated^ in meat products. 
If you do not eat meat, omit the * 
treat category and add extra for 
vegetables. If you* produce your \ 
own vegetables by hand arid without 
fertilizer, do not include the 19 
Energy Units for vegetables. 
Energy Units are calculated by 
apportioning food agricultural 
energy expenditures according to 
the dollar basis of the food cate- 
gories in Reference. 12 arid making 
a d j u z tmeat s_j£ar_ j mp aris- and - exp o r t s , 
Average yearly consumption per 
capita is given in parentheses. 



PRODUCTION 
meat: 

beef (114.8 Ib/yY) 

veal (2.2 lb/yr) 

lamb and mutton 

(3.%lb/yr)- 

pork (73.0 lb/yr) 

chicken (42.9 lb/yr) 

turkey (8.9 lb/yr) 
dairy products (356.1 
lb/yr) 

eggs. (318 eggs/yr) 
vegetables and melons 
(excluding home gardens; 
312 lb/yr) [20] 
frui i:s and nuts (132 
lb/yr) 

food qruin (1 M lb/yr) 

sugar: 
refined (103 lb/yr) 
corn syrup (22 lb/yr) 

beveracps (coffee 3 tea, 

tocchi 18 Tb/yr) 

edible vacs/. table oils and 

£mi"\'m1 fjls curi oils 

(*>3 ib/yr) [17] 

?i<:h (.n lb/yr) , [11] 



[163] 

[41] 
[11] ' 



[14] 
[7] 



[9] 
[8] 



/ 



Subtotal 



9 
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TRANSPORTATION OF FOOD TO 
PROCESSING PLANT AND STORE '■ 

Omit i*f ycxu grow your" own produce | 
•or buy most of your food at a" farm, 

[16] 

Subtotal 



PROCESSING 



8 



meat 


[28] 


dairy products 


[24]. 


canned and frozen 




foods ' 


' [28] 


grain products 


[16] 


bakery products 


[13] 


sugar 


[21] 


confectionery 


[4] 


miscellaneous foods 


[32] 


beverages 


. [24] 




Subtotal 



"~ 5 
_ 1 

CONTAINERS j 
, The following Energy Units are ] 
for one 12-ounce container used perj| 
day throughout the year. Adjust 
accordingly. 
BEVERAGE CONTAINERS 
refillable glass 
bottles [24] 
one-way glass 

bottles - [71] 
bimetallic cans 
(steel $hd alumi- 
num) [57] 
aluminum cans [96] 
■ distilled beverages 
or wine 



[3] 
Subtotal 



OTHER FOOD CONTAINERS 
paper 

steel (cans) 
glass 
■ aluminum 
plastic 



[42] 
[17] 
' [9J 
st6] 
[7] 
Subtotal 



RETAILING AND WHOLESALING ENERGY 

EXPENDITURES 
Calculated on the besis of grace. 

sales for various food items-, 
meat [46]' 
dairy products [18] 



327 



383 



ERLC 



r 



fish,- 
produce 

canned and frozen 
foods 

grains and bakery 
products 

sugar and confec- 
tionery products 
beverages (nor\al- 
coholic) 

miscellaneous foods 
Alcoholic beverages 



[7] 
[26] 

[30] 

[17] 

[9] 

[13] 
[18] 
[31] 
Subtotal 



PET FOODS 

Multiply the pounds of meat 
products consumed each week by 
50 and the pounds of pet food 
cereal products by 12 to get 
the total Energy Units. .Then 
divide this figure by the number 
1 of persons in the household who 
1 regard the pet as theirs. 

Subtotal 



FOOD PREPARATION AND PRESERVING 

If you calculated home fuels by 
the precise method- in Part I-A, or 
if all your meals are eaten out, 
\ this section should be skipped. 



ELECTRIC APPLIANCES 

blender [6] 

broiler [37] 

curving kni fe [3] 

cof feenaker [39]' " 

deep fryer - [30] 

dishwasher [133]" 

0£cj cooker [5] 

f rearer (15 cubic ft) [4^0]" 
freezer (frostless, 15 

cubic ft) [648] 

frying nan . [681 

hot plat- • [33] * 

.mixer , [4] 

/ort ^nicrowave- only) [70] 

\ist\c. (%-:lf -cleaning) [443]" 

ronrj-i (regular) [432]] 
refriieral'or 

cu. ft) . [263]_ 

>t. fr iterator (.fr*>«:t« 



I 



less , 12 cu . it. ) 



[448 J 



irefrig-frzr, 14 cu.ft. [418] 
re f ri ge ra to r- f re e'ze r , 
. (frostless, 14 cu. ft.) [673] 

roaster [75] 

sandwich grill [12] 

toaster , [14] 

trash compactor [18] 

waffle iron [8] 

waste disposer [11] 
GAS APPLIANCES 

outdoor gas grill* [100] 

range (apartment) [350] 

range (single unit) [389] 

refrigerator • [509] 

Add Energy Units for electric 
and gas appliances and divide 
by number ors^users in household 
to get subtotal . 

Subtotal 



Add all subtotals in Part III 
and enter total here and on page 33 2 
Total 



Part IV, LEISURE ACTIVITIES 



\ 

Estimates f,or leisure activities 
outside the home v^ry-xgnsiderably 
w with distance, traveled, means of 
'transportation Equipment used, and 
frequency of use. 

ELECTRONIC APPLIANCES 

Omit if. you estimated electricity 
used by the precise method in Part 
I-A.' Energy expenditures for mater- 
ials have already been calculated 
• undar Household Materials in Part III 
Figures are for operation only, com- 
puted on the basis of average elec- 
tric use per item per year (4 hours 
daity for % television, 6 hours weekly 
for stereo). Adjust accordingly, 
radio [31] _ 

radio/record player [40] J 

stereo • [14] 

television 
black & white (tube) [129] _ 
black & wh. (solid 
/state) [44] 



* *** ** 
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£ * 



color (tube) 
color (solid 
state) 

Subtotal 



T243] 
[162] 



CULTURAL AND LITERARY RECREATION 



*> LITERARY ACTIVITIES 
newspapers m [95] 
books ^ , * [36] 

periodicals [15] 
use^ of type- 
writer (materials 
and operation) [1] 
Subtotal 



CRAFTS 

Activities such as designing, 
floral arranging, knitting, and 
sewing require less than 1 Energy 
Unit and have been omitted. For 
other activities, add Energy Units 
, according to the following scales, 
adjusting figures for more inten- 
sive, normal, and less intensive 
use. 

[1 to 10- Energy Units]. 
Painting, drawing, leatherwonk, 
woodcarving, sculpturing, stamp 
collecting, ^coin^collecting, col- 
lecting articles such as bottles. 
<j 

[10 to 100 Energy Units] 
Woodworking (with electric lathe), 
pottery work, (with kiln J, metal- 
working (with forge 0 or oven), re- 
cords na. 



j MISCELLANEOUS ACTIVITIES < 
visits to ' <^ 

amusement p. irks [20] 
motion pictures (8-9 • 
movies p^r year) [9j 
toy* [14] 
•Busical ipstru- 
•VinlL [8] 



Subtotal 
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SPORTS 

Outdoor spectator sports require 
very small amounts of energy (except j 
for night baseball games and the like); 
and may be omitted. Some parti ci pa 
tive sports (jogging, hiking, and most 
field events) require 'only human en- 
ergy. Others, such as basebal 1 j foot- 
ball, other ball games, swimming (in * 
unheated pools), surfing, Canoeing, 
skating (on natural ice), fishing 
(without a rfsotor boat), Diking, sled- 
ding, and indoor gymnastics (yoga, 
karate, judtf, acrobatics) require less 
than 1 Energy Unit and may also^be 
omitted. For other participative 
sports, add Energy Units according to 
the following scales, adjusting fi- 
gures for more 1 intensive and less in- 
tensive use. Let your conscience be 
your guide, 

[1 to 10 Energy Units] 
Indoor basketball, volleyball, wrest- 
ling, boxing, squash, handball, out- 
door tennis, go-carting, camping, 
small -boat sailing. 



[10 to 100 Energy , Units] 
Tennis (on clay court) / skiing, horse- 
back riding, -mountain climbing, cav- 
ing, scuba diving, ' , 

[More than 100 Energy Units] 
Bowling-vri th automatic pins, indoor 
swimming (private), motor boating, 
water skiing, snowmobi ling, fox hunt- 
ing, field polo, y deep-sea fishing, 
yachting, airplane flying, dune buggy 
riding. Subtotal 

Add all subtotals in Part IV and 
enter total here and on page 332. 
Total 



i - 



i! 
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Part V. TRANSPORTATION ' . 

All forms of transportation 
considered below include a 
factor for associated costs . 
(fuel refining and retailing, 
•vehicle "manufacture and main- 
tenance, insurance, etc.) except 
Ifor highway construction, which 
:is incl tided in Part VI under 
Public Services. Energy con- 
sumed in freighting is included 
in the consumer product or 
service and is thus not counted 

• separately here. 

• NONBUSINESS TRAVEL 
PRIVATE CAR 

This is a major part of your 
lifestyle energy use and. should 
be calculated as closely as pos- 
sible. First, determine the num- 
ber of .tfon-business miles travelec 
each year by subtracting miles of 
business travel from annual car 
mileage. Divide by the average 
number of passengers. Then multi- 
ply this figure by -the following 
{number, depending on your car's 
snil es per gallon (mpg). 

8 mpg. Mul tipl/by 0.50 
14 mpg. " " 0.29 

20 mpg, " " 0.20 

25 mpg. " " 0.15 



i 

a 

"i 
rj 
i! 



•1 



MOTORCYCLE 

Divide number of nonbusiness 
miles each year by average nurrtber 
of Kdc-rs (if any) and multiply 
by the following number, depending 
or; -miles per -gallon. 

50 irpg. Multiply bv 0*08 
• 100 mpg. M \ 11 0.04 

ISO rispg. »' " 0.025 



, V\S, OIL. *TXRES, MAINTENANCE, 
» ^ 1 NSURAwCE r^PARK/NG ; 
. \ . For private car or motorcycle, 
I riiOtip^y Energy Units calculated 
} sufectly abova by 0.395. 



VEHICLE CONSTRUCTION AND RETAILING 

Hws assumes the life of your 
vehicle is average (about 8 years). 
Divide the weight of the vehicle by 
the number of users and multiply 
this figure by 0.154. * 

OTHER NONBUSINESS TRANSPORTATION 

Multiply the'number of miles tra- 
veled per year by the figures indi- 
cated. * *• 

train 0.094 

highway bus 0.042 ^ 

urban mass transit 0.14 ~ 

commercial aircraft 0.30 

modern cruise liner 0.43 " 

yacht 1.4 

bi.cycle * 0.016 

Subtotal 



3 



3 

1- 



RIDING TO WORK 

'The multiplying factors here arc 
larger than in the preceding sec- 
tion because they include associate* 
costs, such as vehicle maintenance 
and construction. 

PRIVATE CAR 

First determine annual mileage by 
multiplying round trip in miles' by 
workdays per year. Divide by the 
number of passengers and 'then mul- 
tiply this figure by the following 
number, depending on. the car's 
miles per gallon (mpg). 

7 mpg. Multiply by 0.80 
10 mpg. * 11 0.56' 
' 14 mpg. " " 0.40 
21 mpg. * " 11 0.27 
28 mpg., " : -" 0.20 , 

MOTORCYCLE * . ( 

Divide miles per^ear by average 
number of riders (if any) and mul- 
tiply by- the following niKsber* de- 
pending on miles per gallon. 
50 mpg. Multiply by 0.11 
100 mpg. ? " Q.QSfr c 
160 npg. 11 , 11 0.036 _^ 
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BICYCLE 

Multiply miles per 'year 
by 0.016. ' 



BUSINESS 



SERVICES 



PUBLIC TRANSPORTATION 
Multiply mi les* traveled per 

year, by the following number. 

urban mass transit .0.14 

intercity train 0.094 

highway bus ' 0.042 

Subtotal 

Add all subtotals in Part V and 
enteV here and on page' 332. 

Total . 



Parjt VI 



SOCIAL AND COLLECTIVE 
SERVICES. 



PRIVATE SERVICES 
j In addition to the personal uses or 

3 energy considered so far, certain so-, # 

j cial and collective uses jnust be 

j charged to the ultimate consumer on a 

< .per capita basis. We may not attend v 

• I schools or use hospitals ourselves, 

* \ but it is necessary to expend energy 
J ,to keep thern available.' If you are 

I sure that certain services dft not 1 apply 

« t{ to you (for instance* beauty parlors), 

jj they may be omitted. Multiply by 2 fcr 

I heavy use; divide by 2 for light use. 

i 

j LEGAL [43] 

* 8 

Tt w NONPROFIT (JNCLUDING 

II RELIGIOUS) .[56] 



[13] 

[3] 

[3] 



§ PE^ONAL 
*j laundries 
,\ beauty parlors 
barber shops 
photograph !c 
services 
shoe repair 
,f Uncial, services 



3 



8 



i RE 



PAIRS (NONAUTO) 



>? HOTELS AfiD LODSWJGS 



[2] 
fl] 
[5] 

U3j 

1261 
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advertising, sign 




painting 


[32] 


services to build- 




ings 


[5] 


business and con- 




sulting 4 


[12] 


credit | * , 


>[3] 


duplicating, mail- 




ing/ steno 


IB] 


commercial research 




and testing 


[53 


detective services 


[2] 


equipment rental 


[5] 


trading stamps 


[3] 



Subtotal 



PUBLIC SERVICES 

All citizens-, have access to 
the fol lowing services and fa- - 
ci 1 i ties , If all of them apply, 
your subtotal should be 631. 
The Energy JJnits listed apply to 
both construction and operation, 
hospitals ("public 

and private) [211 ] c 

education (public ^ 

and private) [80] 4 

telephone service 

(3 calls per, day) [21] 

other public utili- s 

ties [46] 

highway construct! oji 

and maintenance /• [136] 

conservation 4 and 
development of ■ 

resources \ 111] - 

sewer systems • , [17] ^ 

water systems [47] 
. tra^i collection , [12] 



Subtotal j — \ 
GOVERNMENT SERVICES ~ 

Government services are major \ 
users of energy*, ^ Since all are J 
benefi ted^(or harmed) by these 
'services, the total energy ex- — T 
pended must be di vi d?d> among *ill 
citizens . Reliable ^atisttcs*- > 
are available for federal energy 
expenditures. That is not the 
cese fpr state and local govern- 
meht" services .* They are 
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estimated here tobe equivalent td the federal government's non-military 
energy expenditures in comparable j areas . 

I 

FEDERAL GOVERNMENT I ' , 

The major user of energy in the federal government is the military, with 
603 Ene'rgy Units per capita annually. TotaT federal expenditure, printed 
as your subtotal, is 709 Energy Units. 



Subtotal 



709 



- STATE AND LOCAL GOVERNMENTS j > 

Construction not previously included amounts to 27 Energy Units. Main- 
tenance of fire and police departments, etc., accounts for another 100. 

Subtotal 127 

1 POSTAL 'SERVICES \ 

Per capita energy, expenditure for the average' person (824 pieces sent 
or received each year— or about 16 per week) is 31 Energy Units. Adjust 
accordingly.. • ' Subtotal - " 

Add all subtotals in Part VI and enter total here and in the space below. 
♦ ' Total 

Enter below the Energy Unit totals for each of the six parts of the " 
Lifestyle Index as each is' completed. Then find your grand total. 

Energy Units 



Part 






j: 


Household Energy Expenditures (A. 


Precise" 




Method; B. Approximate Method) 




ii. 


Household Materials and Personal 


Items 


in. 


Foocis and Beverages 




IV. 


Leisure Activities 




V. 


Transportation . 




VI. 


.Social and Collective Services 
» 






GRAND TOTAL 





You should now compare your total annual expenditure of energy v/i 
the average U.S. citizen (10>000 Energy Units) and with those of 
of* other countries' given 'in Table XI. 



th that c 
ci tizpns 



Annual 



'TABLE j(I 

:nergy UNITS PER CAPITA in selected countries 



3 Afghanistan 


23 


Brazil " 


435 


Congo 


212*- 


ii 


] Albania 


52.4 


Burma 


57 


Costa Rica 


■"378 




j Angola 


130 


Burundi t 


9 


Cuba • 


949 




Argentina 


• 1490 ■ 


Cameroon 


• 82 


Czechoslovakia 


5590 




Australia ' 


4500 


* Canada 


• 7870 


Dahorcey 


30 




} Austria 


'2890 


Chdd^ 


23 


Denmark . . . 


, 4495 ' 






4285 


Chile ' 


1255 


Fcuattor 


263 




, Barbados ' 


975 


China 


473 


Egypt? 


241 


1 


1 Bolivia 

i 


175 


Colombia 


. 559 


El Salvador ' . 


171 





1 
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} Ethiopia 


34 


Kenya 


• 145- 


Puerto Rico 


3230 


| Finland 


3655 


Khmer Republ ic 


20 


Saudi Arabia 


813 


| France 


3314 


Kuwait 


8610 


Singaoore \ 


1320 


Gabon 


<■ 874 
^ 4412 


Laos 


71 


Spain ff 


1406 


I Germany 


Lebanon 


709 


Sweden f 


5140 


Ghana 


157 


Liberia 


' 313 


Swi tzerlapd 


3015 


; Greece 


1240 


-Malagasy Republic 


62 


Tanzania % 


59 


j Greenland 


3750 


Mali 


21 


Turkey 


436 


Guatemala 


196 


Mexico 


1072 


Uganda 


61 


Gui nea 


85 


Mozambique 


148 


•U.S.S.R. 


3825 


Haiti 


24 


Morocco 


171 


United Kingdom 


4650 


Honduras 


183 


Nepal 


8 


United States 


9500* 


Hong Kong 


862 


Netherlands 


4325 


Uruguay 


775 


Iceland 


3640 


Nicaragua 


324 


Venezuel a 


2107 


India 


157 


Niger 


21 


Yemen ^ 


11 


Indonesia 


106 


Ni geria 


50 a 


Yugoslavia^ 


1360 


j Iran 


865 


Norway 


4400 




j Ireland 


2830 


Pakistan 


68 






j Israel 


2245 


Panama 


662 






; Italy 


2245 


Pa/aguay 


119 






: Ivory Coast 


238 


Peru 


519 






| Jamaica 


1068 


Philippines. 


246 






] Japan 


2755 


Poland 


3690 






] Jordan 


' 260 


Portugal 


685 







WORLD AVERAGES 



With United States 1630 
tfvthout United States 1167 



i< v This represents the' per capita U.S. energy expenditure for 1971. The 
figure for 1972 (latest year on which- computations could be based) is 
10,000 Energy Units. ♦ , , . . 

Source: W orld Energy Supplies , Statistical Papers. Series J. No. 16, 
United. Nations*, New York, 1973 (converted i ntQ, Energy .Uni tv values by the 
author). • ^ : 1 ' *. 



i Source: 



(Adapted from) 
Lifestyle Index 
Cont r asurcer s by 



Alfred J. Fritsch 
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TITLE: ORGANIZING A SCHOOL ENERGY CONTEST 

i 

AREA: Multidisciplinary 

OBJECTIVE: To provide students with an opportunity to use their \ 

understanding of energy problems to communicate 

energy conservation practices to others, 
* f % 

ACTIVITY: Sponsoring an energy contest will afford students an 
excellent opportunity to apply their knowledge about 
the energy situation and need for conservation. There 
are numerous possibilities, Including: poster, photo- 
graphy, or^ essay contests, speeches, and debates n You 
will want to consider the following when developing a 
plan for the contest: 

1. What specific kind of contest will it be? 

2. ^ What energy topic (problems, concerns, technologies) 

will be included? 



3. 
4. 

*5. 



Who is eligible to enter? How may they enter? 

What criteria apply to the specific contest Ce,g., ' 
if photography, the size, color., and mounting 
of photographs) ? c 
v 

What prizes or awards (e.g*, cash, . savings bonds; 
certificates) will be offered? 

Who will select winners? Students? A p'anel of 
community members? What criteria will be .used to 
select judges? 



7. When would the contest begin and end? 



8. 

id. 



To whom are entries submitted? A program co- 
ordinator? A teacher? The chairman of the . 
panel of judgjes? ^ 

How will publicity be handled? 

What companies or organizations might* sponsor the 
contest? • 4 - ' 



11. Will there be an awards t ceretnony /reception, as- 
sembly, or luncheon) to announce the winners? 
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CONTACT ORGANIZATIONS: 



1 utili 



1, Contact your Ideal utility or electric power distributor, 

2, Federal Energy Administration, 12th and Pennsylvania Avenue, 
NW, Washington, D*C. 20461 

3, Tennessee Errergy Officer-Suite 250 , Capitol Hill Building, 
7th and Union, Nashville, Tennessee 37219 



4, Your school librarian, 

5, Any local environmental society* 



r. 
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TITLE: SOURCES OF ENERGY INFORMATION 

AREA: J Communications, Language Arts 

OBJECTIVE: To assist stud^/ts in identifying the best sources of 
energy inf ormat/ion; where agencies are located, 

MATERIALS: Listing of energy concerns 

ACTIVITY: Students should prepare a comprehensive listing of 
energy concerns (including those listed in the 
AJPPENDIXt-SELECTED SOURCES OF ENERGY INFORMATION) 
ancl request detailed information about their energy 
programs and services. Student teams should be or- 
ganized so there is no needless duplication in 
contacting agencies. The material obtained in response 
to questions 'about programs should be written as 
class reports. In brief , the report should include 
an alphabetical listing of energy and conservation 
agencies Cfederal, state , local) including the complete 
address (.include zip code) and a description of the 
programs or services available. The report should be 
made available to teachers, librarians; and students 
and its availability should be advertised in. local 
newspapers* 

CONTACT ORGANIZATIONS :* 

1. Your local utility or electric power distributor and Chamber 
of Commerce* 

2. See APPENDIX: SELECTED SOURCES OF ENERGZ "INFORMATION 



TITLE \ 
AREA: 

OBJECTIVE : 

MATERIALS ; 
ACTIVITY: 



AN ENER^V RESOURCE CENTER 
Science, Social Studies 

To provide students with an opportunity to work 
with energy education conservation information. 

Listed %iri activity 

Have students begin an Energy • Resource Center (ERC) 
fo.r the/ school. Locate it in the library or a 
classroom. -This project would require at least e . 
one series ter — perhaps an entire school year. Some' 
tasks yq>uld include: • * ■ 

1. Develop a vertical file syst^n which ' contains 
timely information on such topics as energy' 
production, energy: consumption, environmental 
problems, -energy economics* problems , alternate 
enerjgy sources, and energy conservation measures. 

2. Compile a bibliography of available school and 
community print and nonprint materials on energy. 

c 3. Provid^ copies of a current listing of institutions 
and agencies which can provide information on 
energy. r 

4. Write ^ to local, state, and federal agencies ex- 
plaining the ERC and .requesting assistance and 
material'. 

5. Compile a list of community deaders who ,can speak" 9 
on energy topics. 

6. Make energy information available to students," 
teachers, parents, and community members. 

7. Prepare a work schedule f or^students „ who will 
assist in the center — perha£^\with the school 
librarian a^ the supervisor. \ 



CONTACT ORGANIZATIONS: 



1. Tennessee Energy Office, Suite 250, Capitol Hill 
Building, 7th and Union,- Nashville, Tennessee 37219. 

2. Environment- Center, The University of Tennessee; 
South Stadium, Knoxville, Tennessee 37916. * 

3. Federal Energy Administration, 12th fend 
Pennsylvania Avenue, NW, Washington, D.C. '20461. * 



4. Energy Research and -Development' Administration , 

20 Massachusetts Avenue, NW, Washington, D.C. '2054*5. 



ERLC 



337 



-373 



.1 



1 



5. Oak Ridge National Laboratory, P.O. Box X, 
Oak Ridge, Tennessee 37830. 

6, Center for Energy Information, 340 East 51st 
Street, New York, New York 10022. 




0 
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TITLE: ENERGY CONSERVATION TASK FORCE 

AREA: Social* Studies, Science 

OBJECTIVE: To extend the findings in this coursfe of study 

beyond the classroom and to initiate k conservation 
advocacy program. . / 

MATERIALS: Listed in activity* 

ACTIVITY: * The impact of energy Conservation -is only as great 
as ^the number of people involved~and actively seek- 
ing and practicing conservation. The more people' 
•you can convince, enlighten, or involve f <-in energy 
conservation efforts, the i^pre energy can be saved. 

Set up an Energy Conservation Task Force to plan 
and execute ^ continuing effort to collect and pro- * 
vide energy conservation information. The information 
you have gathered and applied should be shared with 
others in the form of bulletin boards, displays, class 
discussions, PTA meetings, school newspaper articles, 
printed fliers, recycling .drives , demonstrations, and 
sporfeored speakers arid films. 

1 * ' * 

. Sugge$tions for additional activities: 

1. Have students write short papers on energy, con- 
servation which could be used in the school or local 
newspaper. 

' . «/. 

2. Develop £ series of bulletin boards dealing with the 
everyday practical aspects of energy conservation. 
Depict, for example/ Bath vs. ^Shower, Use of a 
Microwave Oven, Food-Chain, Riding* in a Car vs. 
Walking , e tc . 

3 . Investigate the school's consumption patterns and 
make recommendations to the administration. In- 
vestigate food service, surrounding vegetation, 
insulatipjvr -shades or drapes, thermostatf settings, 
biasing and athletics. 

■ * 

4. Give 'demonstrations on conserving energy when 
cooking, sewing, or ironing and how to select 
and check ^appliances for energy conservation^ 

5. The Energy Conservation Task Force could be or- 
ganized into a regular school club. 

6. Sponsor £ield trips to power plants, energy con- 
servation activities such as an energy fair, 

4-H Wild FHA activities dealing with*tenergy and 
the planning office dr chamber of commerce in your 
area. 



© 
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TITLE: ENERGY DEMANDS OF INDUSTRY FROM THE, BEGINNING OF 

INDUSTRIAL AGE 



AREA: 

OBJECTIVE: 
MATERIALS : 

ACTIVITY: 



I 



Social Studies, Science, 

To trace the beginning of 'the industrial age to the 
present energy crisis using an energy time line. 

Reference book ( Energy his tory o f the United States 
1 7^76-1976 , U.S. Government Printing Office 
#0-201-751) 

* 

1. Prepare an energy time line showing the, forms of 
energy used throughout history. 

2. Research each form of energy on the time line. 
Identify the beginning o£ the industrial age 
an£ the events that led to its development. 
Include possible energy sources for the future. 

3. Make a slide presentation of the energy time 
line. Use a camera to make slides or use' the 
following procedure: 

a. Allow each student to find information' 
about and draw one event from the time line 
(each picture to be drawn on unifprm size 
paper) . 

b. -Tape the completed pictures together in a 
vertical sequence and attach the top and 
bottom pictures to plain sheets of paper. 

c. Make a "viewing screen" from a cardboard 

1 *box by cutting a hole in one side of the box 

prqportionate to -the size of the student pic- 
tures. 

d. Place dowels (made from discarded broom 
handle) at the 'top and bottom of "^qreen." 

e. Tape the bottom. of the vertical stri^ to the 
bottonu dowel and roll the ^pictures by 1 turning 
the dowel clockwise until lithe ntop sheet can be 
a-ttached to the top dowel* Th&^ strip is now 

% rqady for showing. 

f . Allow students to present the completed v 
f "filmstrip" as a summary of the' activity. 
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TITLE : 
^REA: 



MATERIALS: 
ACTIVITY 



ENERGY USAGE TO 'PACKAGE CONSUMER GOODS 
Social- Studies 



OBJECTIVE: To become more aware of energy used to package 
consumer goods. v „ <=■ 



Chalkboard, paper, pencil 

Develop on the chalkboard with input from the 
pupils a list of all the packaging materials that 
come into their homes during typical weekend shop- 
ping. The list will certainly contain paper, waxed 
paper, tin cans, glass, plastic, and possibly alu- 
minum. Often two or more ^ttbstances will be used to 
package a single product such as toothpaste. 

Ask selected children to find out the natural resources 
and energy needed to produce various packaging materials. 
Ask an individual* or small group of pupils to inter-, 
view a supermarket manager to see if he believes that 
some of the materials sold in his store might be 
"overpackaged. " - 

> ■ < 
Discuss what, if anything,' can be done to save energy 
in this -aspect of our distribution system*. . * 
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'ENERGY AND CLOTHING PRODUCTION 
Social Studies % 

To identify sources of energy used to provide * 
clothing. 

Library and research materials 

1. Have each student make a 2,4-St of clothing 
items being worn. Compile a -master list. 
Find the labels and learn of what the it^ems 

are made;. List all kinds of fabrics 'and material 
which are represented. 

2. Research each fabric or material and find of 
what it is made.* Record what kp.nd of energy is 
used in its-production. M^e^an energfcftphain 
for eaqh item, making one link 'per kinfof energy 
used (sun- tractot-cbtton-harves ting-process ing- 
weaving-sewing) . 



3. Value judgment: „ * • • . - 

a. Which materials /require more energy in 

production? - • ^ 

r 

b. ^ Which should' you weajr to conserve energy? 

c. List jobs involved, in clothing production, 

4 /Design of the future: What new jobs can you 
\ preate to help with' future clothing design,, 
production, and recycling? 
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TITLE : 
AREA: 

OBJECTIVE : 

MATERIALS : 
ACTIVITY: 



ENERGY AND FOOD CONTAINERS 



Mathematics, Science 



To compare energy used in making food containers 
with the ^ner^y of food packaged in the. corit^iners 



Food containers- . 

Ask students to bring to class a variety of empty' 
food containers made of paper, glass/ steel, alu- * 
minum, and plastic . a 

4 

Using, information available on 'the containers or 
their labels, generally expressed* in calories per* 
certain weight serving, calculate the energy avail- 
able from the food in each container' (one food or 
"large" Calorie equals 3.968 BTU) . 

Weigh each container and'use the' appropriate value 
from the table below to calculate the energy used - 
to make the_ container . „ . -j_ 




REFERENCE: 



Energy required to make food packaging material:. 

Paper: .^20,400 BTU/lb or 4 4.9 BTU/gm 

Glass: '7,628 BTU/lb or* 16.*8* BTU/gnv. > 

'Steel: ,14,795 BTU/lb <or 32.6 BTU/gm. 

Aluminum: 96,616 BTU/lb or 217.2 BTU/gm 

Plastic: /18,544 BTU/lb or 40.8 BTE/gm 

Compare the amounts of energy used to make .containers 
from different packaging ma.terials with the atoounts 
of energy in the packaged food/ Is the ra/tio better 
in large or "economy " ^sized packages rather than^ the 
smaller size? Which packagi$cf materia]^ is .-most 
energy-efficient? What can -be done to have energy * 
in f oocSpagkaging? Why isn't n\ore -being done to 
•save energy in this aspect of our food distribution 
system?. What*, if anything, can be done by indi- 
vidual shoppers? , 

E nergy, Food and You — An Interdisciplinary* Curriculum 
Guide for secondary schools including ideas and. ac- 
tivities on global food problems, enexgy and xesourcfe* 
* use/ "the U.S.. food system, and energy-efficient al- 
ternatives (first draft). Washington State. 0£f ice of 
Public Instruction, 0ffice/<5>f, Environmental .Education , * 
^OlympiA, Washington 98501/^ ~- * ' ' r - * 
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TITLE : 



PROS AND CONS OF DEEP-MINING AND STRIP-MINING GOAL 



'AREA: 
OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



Social Studies, Language Arts 4 * 

To^xamine the advantages and disadvantages of deep- 
mining and strip-mining coal. 



Library and research materials 

* 

Select two or three people to debate .for deep- 
mining and the same number to debate for strip- ♦ 
mining. Provide adequate time for the debaters 
to prepare their case by researching encyclopedias 
and other written sources of information, by inter- 
viewing science teachers, engineers, miners, or 
other knowledgeable persons. 

Select a. student timer and conduct the debate . - 
in formal style with eaph debater having time (3- 
5 minutes) for fotmal presentation and 1-2 minutes 
for rebuttal of arguments presented by the opposite - 
side. 

After. the debate is concluded, J ask class membe^s^to 
^ decide which side won.. Ask the class also to indicate 
if the'y favor expanded deep-mini,ng or strips-mining 
Of coal to meet the U.S. goal of greatly, increased 
coal production in , the years ahead. 



• TITLE,: FOOD CYCLE ENERGY STEPS * 

AREA: Hbme Economics, Social Studies- 

OBJECTIVE": To- isolate energy coa^uming steps in the- food 

system and to speculate as to the different ways 
* in*which energy could be saved. 



MATERIALS: Pencil, paper 
ACTIVITY: 



Twelve steps in a food system are listed below for 
a frozen vegetable. Which steps could be eliminated 
to, save energy? 




12 eat it 



11 throw 
away 
package 




10 thaw tt & 
cook it 



9 take home & 
put in freezer 



8. you drive to 
fc market 
to buy it 



7 market keeps it 
frozen 



j 



I 



6. refrigerated truck 
, takes*it to market 



5 it is frdzen 



4. it is packaged 



is sliced by machine 



*2. transports it to a 
processing plant 



1 



someone else grows a vegetable 




V 



"Construct the food chain steps for a canned soft 
drink atid "then'make suggestions' fc*r steps which 
. t v might be^eliminated to save energy. 

j -^Siagge^tions: This type tof visual representation makes a nice 
jij; > i%: ^ bulletin board display. ' 



Possible. Answers: 



(a) 



I 



6. eat it 



5. take it home 
and cook it 



4. you dcive to 
market and buy it 



r 



3. refrigerates it at the 
market _ 

\ 2. transports it to market' 



r. someone else groves a vegetable 




(b)c 



eat .t 



2. cook it 



1. grow a vegetable in 
your own garden 



s 



(c) . 



2. eat it raw 



c 

/ t 



1. grow a vegetable in 
your own garden 
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TITLE : 

-AREA : i • 
... .1. 

OBJECTIVE: 

MATERIALS : 
ACTIVITY: 



PLANNING LAND USE 



Science, Social Studies ^ 



To^study qood ^arid use planning with respect t"o 
environmental and conservation principles, . 

Map/ questions provided 

Good .land use planning is an important aspect of 
environmental co'aservati'on and improvement. Conduct 
a class discussion on planning practices with the 
aid of the 'map and questions qiven below. 



FARMLAND- 




INDUSTRIAL 
PARK 




SANITARY. 

DFILL 



SEWAGE 
TREATMENT 
PLANT 




3 fr 



KEY 



— waste discharge treated 

— waste discharge untreated 
direction of water flow 
trees 



0 IQ 20 

Mill 

kilometers 



1* Does the map represent 'a well-planed are/3? Explain, 
What changes could be made to improve the area's en- 
vironmental quality? 

2, 'Which landscape .region has probably been altered 

least by the activities of man? Explain. 

3, What effect would • a 'second industrial park have,, 
upon the environment?' . * ; 

' ' ■ + 

4, Should people living here Support legislation ty' 
l^zpne this^ land to allow for a second industrial 
park? .Why or why not? Give some advantages arid , 

* .disadvantages. \ 
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Which graph best represents the probable quantity 
of bacteria (anaerobic) . along line A-B in the 
river? Explain* ' / , 

> 




^2-) (4) 



What causes the change in the bacterial count 
between points A and B? Who has the* responsibility 
for monitoring and/ if* necessary, remedying the * / 
condition? „ * 




^(2) • ' • • (4) 



KEY: 






High Pollution 




Low Pollution 



What are the principal . c^uses^jof the air pollution? 
Who is responsible? What actions carf the government 
agencies tand citizens) involved take to improve the 
quality of the air? 

> 1 



348" 




3. £ompare^ the surface rup.off rate^of the four *reas 
(forest preserve, suburban, city 1 and farmland) dun 
a 1-hoUr light rain. Arrange in order from ^ost to 
least, explain your reasoning. - 

(Environmental Understandings: '[The limited nature of productive 
resources nrulke it imperative that a society defines its economic 
objectives in terms of environmental real i ty . ] [Natural resource 
policies come about as the result of interacting soqial processes : 
science and technology/ government operations, private interests, ~ 
anp public ' attitudes . ) [Soil, -tre^s, and water are classified as 
renewable resources, but, because their* renewal or revital ization 
requires a majqr' investment in time and effort, "'they may be more 

.realistically considered depletable resources.]) 



TITLE: 



POWER PLANT SITE SELECTION 



AREA: 



OBJECTIVE: 



MATERIALS : 
I 

ACTIVITY? 



Science/ Social Studies 

> 

To gain insight into the problems o,f selecting a 
power plant site. • - 

Topographical maps 1 t 

Give student.s topographical maps of afty area/ The 
maps may be obtained from the State Department of - 
Natural Resources>-or from a parish engineer. Tell 
s^tuder^ts they ar.e ^o choose a site in the area of - 
the' map fox th$ possible location of a power gene- 
rating plant. 

Help students formulate a number of factors they 
must know before making, a decision about the site. 
What ar£ the advantages or disadvantages of the 
topography? What fuel is^ readily available? What 
is the population of the area? Is the population 
increasing or decreasing? What are , the industrial 
demands for electricity? Is there a need for the 
plant? What fufe'l, is available in the area? Cost 
of' the fuel? Modes of transportation available? t 
Can existing transmission lines be used? Will " • 
there be disposal problems *'in the area? . 



j 



What are some of the othe^r con 
the selection of a site of a u 
the plant itself? Will the.pl 
serve the needs of the are* ov 
What jobs will be displaced or 
construction? What are -the po 
What are the laws of th^e area 
pollutant's? Governmental laws 
design meet the regulatory env 



siderations that go into 
tility that relate to 
ant size continue to 
er a period of time? 

created during plant 
llutants of the plant? 
regarding the type of • 
? Can the plant system 
ironmental laws? Cost? 



Have the students write to their congressman for a 
copy of the^ iPowet Site- Law in their state, 

> -r; % ; . - . 

Ask a representative of the .power company serving * 
your area to talk to ttte students about. sites for 
power plants . 

The student will read each problem regarding site 
selection. Under' the 11 jurisdiction" columns place 'one 
of the following codes to indicate which agency should 
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have jurisdiction for each problem. 

0 = no* jurisdiction . " 

1 = primary (major) jurisdiction v . v 

2 = secondary (minkr) jurisdiction 

C = coordinate with, as a means of information, 
but not as" a ^policy determiner.' ' 

'Give, reasons for the choices. Include the economic , 
transportation, environmental and social factors. 



PROBLEMS OF SITE 
SELECTION 


JURISDICTION. 


Reg ional 

nr. 


b tate 


^Federal 


Private 


Other 


INDUSTRIAL COMPLEX ' 






4 






"HEAVY INDUSTRY" 












"LIGHT /INDUSTRY" 












FOSSIL POWER PLANT *• 












I 

NUCLEAR POWER PLANT 




+ «— 








MINERAL MIJJES 












OIL WELLS 




* 


• 






NEW CITY 










i 


PORT 


j 








i 


STRIP MINES 












GRAVEL PIT - , 




- ' J 









TITLE: COMMUNITY' ATTITUDES REGARDING ENERGY SHORTAGE 

AREA: 'social Studies, English 

OBJECTIVJfc^ * To ascertain thil reaction of the community to the 
* - energy situation. < . - 

MATERIALS: ^Cassette tape recorders 

ACTIVITY: ■ Select from the class two or thrfee students>who will, 
with the use of cassette tape recorder, interview 
people in. the community tQ ascertain their reaction 

1 / t to the enfergy situation* 

Involve the class in developing questions to be used 
1>y <fehe students in the interviews and in deciding 
o.n the population to be interviewed. 

Questions might include the following: 
i 

1* In your judgment, is there really an energy 

>* problem?- * . 

* • 

2, If there is a problem, whose fault is it? 

* *■ * 

3, If there is a problem, what can you do about it? 

4, What, if -anything, are you doing about it? 

The gample of persons to be interviewed should represent 
a range of ages and occupations such, as homemakdr, stu- 
dent, store owner K service station operator, trucker, 
salesman, custodiap, etc « 

.Urge the student's who are doing the interviews to 
speak clearly and to. urge those being interviewed 
to do the same since the recording is to bp played . 
to the 'entire class for their study-reaction * 

As the recording i'e played to the class, ask^ students 
to determine how perceptions of the energy situation 
differ « 'po these perceptions vary according to income 
level, age, or other criteria? Are there any agreements 
as to what could/should be done? 

The activity might be concluded by asking each student 
'to write a few paragraphs* on what he/she has learned 
about community attitudes toward the energy problem* ^ 
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TITLE: 



VARIATIONS IN ELECTRICITY Di:.MAMD^AT VARIOIS 7IMi:S 
OF THE DAY 



AREA: • 
OBJECTIVE: 



Science , Sbciol Studies 



To e>p(unine the varyinq denand £°r electricity ar 
differon-t times ofja day jand the concept of ,time~ 
of-d$y pricing. \ 



MATERIALS : . * Pencil, paper 



ACTIVITY; 




Ask three or f our_ students? to read their electric 

v meters according to a definite pattern over a 24- 

28 hour ; peri.od of time. A suggested pattern might be 

6:00-8:00-10:00 a.m. -12:00 noon-2 : 00-4,: 00-6 : 00-8 : 00- 

* 10:00 p.m. - . 

■* , 

How many kilowatts of electricity are used during 
each two-hour bloc4c tff time? Is the pattern of 
use consistent for each student *s family? ^If not , 
cai> the discrepancies be explained? 

Finally, engage the class in discussinq the merits of 
time-of -day *pr icing . Such an arrangement "(possible , 
through special meters) wdu-ld result irt electricity 
costing more during periods of very heavy demand and 
less during periods of light -demand such as from 
10:00 p.m. to 6:00 a. pi. How many families would (or 
- could) change their pattern of using Electricity fco 
take advantage ot^ such an arrangement? ** 



BACKGROUND : 



A factor that affects. the price of electricity is; 
heavy consumer use that results in "peak loads" on a 
generator station" during relatively shdrt periods of 
time. Home use tends to' be heavy in the morning , late 
afternoon , and early evenings — little electricity is • 
qsed betweefi 11:00 p.m. and ^6:00 a.nu in most homes. 

Many factories operate only Qne or two shifts. per 
day. Typically retail stores make heavy* use -of 
electricity only during daylight and early evening 
hours ♦ 

Weather also affects electrical use. Heavy air 
conditioner use, on very hot summer . afternoons results" 
in -very large demands for electrical . power . 
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♦ 

• 




* * 

C 


* * « 

Since electricity^ cannot be. stored, dn electric 
power station must have available a mpch higher 
generation 'capacity , than ^ is usually required.. Some 
uni£s, generally the most inefficient, itf&y be operated 
as little as 20 percent of the time,. Since idle 
,equipin6rrt is expensive, the reserve or unused capacity 
adds significantly to the cost of our electricity: 

V. 


- 


t 

* 

1 • 






V 


• 

* 




i 


* 
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TITLE: 



U.S~, CONSERVATION OF ENERGY 



AREA: 



OBJECTIVE : 



MATERIALS 



ACTIVITY; 



BACKGROUND : 



^ 



Social Studies 

To examine tX,S., 

Pencril, paper * 

Review with the 
the "Presidents 
1972, 



efforts to con-serve energy. 



cl^ss the. recommendations made b/ 
Office of Emergency Preparedness in 



/ 




~5sk each student to discuss briefly in writing h<3w 
Jre/she believes the United States has responded to 
these recommendations * *Does the student have 
.personal knowledge or belief that citizens have im- 
proved, home insulation? t Adopted more efficient, air 
conditicminq? Shifted freight traffic from highway 
to rail?^Shif ted passenger traffic from air to ground? 
Shifted urban passenger traffic from automobile to ifiass 
transit? < \ „ > 

Involve % students in converting their written* answers 
to a five-point -Likert scale *of strongly agree, agree, 
neutral,* disagree, strongly disagree and tabulate 
responses on the chalkboard * Discuss results 

What recommendations have received the most support 
from the American public, in th^e pa£t six years? 
Why? What, if anythir\g, c$n be done to achieve the 
other recommendations more successfuHy? 



In 1972 (prior 'tQ. 'the Arab oil embargo) the publi- 
cation cited above identified six promising things 
that could be done to conserve 'energy.. These -tyere:- 

Improve .insulation ' in homes 
Adopt more efficient £ir conditioning 
Shift intercity freight tr^f f ip from highway to rail 
Shift intercity passenger traffic from air to ground 
Shift urban passenger traffic from automobile to mass 
transit . 
roduce more efficient industrial processes and 
equipment * * « \>- 

The energy program enacted by the U S S,. Congress in 
197£ and signed into law by President Carter, continued 
to stress the importance' of conservation of Energy- 
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TITLE; 

AREA: • 
OBJECTIVE*: 



CITY GROWTH AND ENERGY USAGE 
'Social Studies , Language Arts 

To' examine the relationship between growth of cities 
and increasing use of. energy.. 



MATERIALS; Library, research materials, paper/ pencil 

"> * 

ACTIVITY: , Review with the class the fact "that prior to James 
Watts* development of the- steam engine, no city on 
earth had a population of one million people.. Tad'^y 
several greater metropolitan areas have a population 
that exceeds 10 million % *^!Xie 'World Almanac identifie 
it\Qre than 12Q cities with a population greater than 
^ * one jnillion. > * \ 

Cities use enormous amounts of energy. Food must be/ 
brought in, waste -removed, workers commute from home 
j to work, elevators lift objects, etc., etc. 

. ^ Ask students to write a paper in which they explain 

how modern^ technology , powered by our present energy 
sources, has made possible the growth of cities. 

The ' assignment might be used as an in-class without 
; vpreparation activity to Introduce the topic of city 
dependence on energy 'or it/migt^t be assigned as a 
major -paper to be ; develbped with use of out-of-class 
research. # j 



TITLE: 
^EA: 
OBJECTIVE : 

MATERIALS : 
ACTIVITY: 



POLLUTION' CONTROL AND PUBLIC UTILITIES 
Science, Social Studies 



To* examine the attitude of a pt^-ic^util i ty Company 
toward mandated pollution control. equTpmeat . * 

Listed in activity 

Distribute to the class the following example quoted 
from the refereHbe cited. Ask each student to. read - 
the material carefully and to decide whether he agrees 
or disagrees with, the th'irust of, the article. 

Ask for volunteers to debate in an jujformal way the 
validity of the arguments ^dvanced^ -Open the ^defcate ■ 
to a general class discussion to ascertain how- many, . 
agree with the utility position. Ask those who dis- * 
agree to present sound arguments to justify their 
position. ' «' 



A Case in Point 



The fefuce Mansfield Plant Being built by the Ohio 
Edi son * s subsidiary , Pennsylvania Power Company , in 
Shippingpor t , Pennsylvania , will .cost about $1.4 r ' 
billion, when completed. Almost 33 percent of that' 
total cost will gtf for pollution control equipment, 
including an' experimental Sulfur removal and disposal 
system" required "tp meet state and f edef al v Tegy lation-s. 

It will require a massive "scrubber;" . system that v usea 
lime and water to absorb the sulfdr oxides from' the \. 
gases resulting from the coaX being "burned" in the 
plant's boilers* k * / 

It will require about 400 tons of lime per day for 
each of the three units, of the plant — about 400 /000 * 
tons per year when the three* units ate operating* 



It will require the largest earth a 
the- eastern 'United States to close 
six' miles from the plant to create 
the waste slurry when it comes out 
systenu 

The dam and the disposal site alone 
mated $88 million . - . * 

Demand that legislation concerning 
start with a scientific evaluation 
problem/ 1 " And made sure that each, 
a consumer^ "economic* impact" study 
"environmental impact" report ^ 



nd rockf ill* clam rg 
the en^l of a valley 
a disposal area f^r 
of the scrubber 



? 



„ii f 



cost an estir 



the environment . 
of the "pollution 
Request includes 
as well as an 
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m i * 

^ * ' Ask that^jreal" pollutants be identified clearly and 
« that realistic .methods be developed. to measure them... 

» ' * 

Require that all methods of abatement be accountable 
in terms of both benefits and costs * • 

' > ' ' ^\ / t 

get ' Insist that reasonable degrees of perfectidn.be arrived 

v • a£% The cost of reachirvg "perf ectiofl? becomes more 

prohibitive the - farther up the scale we attempt to go; 
The first 5Q percent of pollutants can be removed at 
'relatively low cdst* But after the 9Q percent level % 
is reached, "it often costs as much to achieve a %urther 
5 percent than it did 'the first 5Q percent* And ' ' 
absolute perfection, of course, is impossible, . ^ 

f f 
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TITLE": 



^PUBLIC HEARING" 



AREA: 



Social Studied, Science, Consumer Education 



OBJECTIVE: * To* siarpal-a'te a v public hearing 1 ' which hafe been . . 

cabled to consider the threat to certain "vital 

a I , community services posed by the shortaqe of gasoline 

and heating oil, " * 

) ^ * , 

MATERIALS: . Imaginary comments provided , research and debate 
skills . * • > f * 



ACTIVITY: 




Suggest that the class members simulate a*, ^public 
hearing" which ha>s been called to consider the threat' 
to certain vital community services ppsed by the 
Shortage of gasoline and heating oiL; The hearijng 
would provide a ,f or\un at whi^ch the causes >and th^T 
specific effects of the crisis -and measures to counter- 
act "the crisis; may be considered! The people ask^d 
* to participate from within and withput the community ' 
include: Q.) a Congressman, "(2) a Senator, O'ffa^ 
•utilities spokesman, C4) an executive ^ice-president 
of an oil company r C5) .a hobsewife, '(6) a government 
economist, £7) 3n ecologist, and (8) a newspaper' editor- 
A panel of advocates' has "an opportunity to cross- 
examine each witness §s do people in the audiende. 

The student participants in this "public, hearing" should 
have an opportunity to read th§ imaginary but fairly 
representative comments which follow, since what the J 
public believes to be the reasons for an- energy shorty 
age is as important a factor as the actual reasons for 
the shortage , * . „ 

"A high administration official said today that the 
r Arab states 1 h holding of oil could endanger this 
nation's security by severly limiting our military 
capability. He went on to say that the oil embargo 
-amounted 'to blackmail , somethinq that this country just 
won't sytand for," t « 

"A concertred housewife from the Midwest, ^hose husband 
has been laid off b^art auto manufacturer, blames the^ 
Japanese and the Ar/rbs for the current crisis, "shfe * 
s$y& both countries have benefited qreatly from trade 
with the .United States, 5 and now they are putting the 
squeeze on i " - ' ■ , . . 

. J, A. noted economist from a major university in the East 
claims the qoverrim^nt has known about a, potential 1 
crisis for years but has iqnored the problem." 
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"A member of Congress blames the Nixon- administration 

, for not cominq- up with a definitive National Energy 

♦v* ; Policy which would 'have averted the current Gurisis. 

The Administration bla'mes Congress for not acting on 

. . biils that President Ni#6n sent to Capitol Hill for 

enactment into law," ' i 
* • "* 

"An editorial in a major metropolitan newspaper ( 
* ' Asserts that major oil .companies in the United States, 

while achieving enormous profits for the last three 
years, have be6n In collusion with one another *to hpld 
back Oil exploration and production . Not only ajre they 
' not defining oil capacity, but they 'are shipping 
domestic oil to foreign countries who are willing to 
*• . > pay the "higher prices." 

1 "A lobbyist foi; the American Petroleum Industry argues 
t that .environmentalists "haye^ contributed ^greatly to the 
energy cfisis by blocking in-court necessary programs, 
Such as the Alaskan pipelines, which would free up 
more energy resource^ for U.S. consumption • Environ- 
. merftal groups, .on* the- q.ther. hand, say dependence 
on fossil fuels is excessive. What is needed, they 
- say; is research into othei? forms of energy, such 
> * • as solar and geQthermal,, and greater emphasis on 

' * recyclipg." ' * ( ^ 
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TITLE: 
AREA: 



ENERGY AND RECREATION 

Social Studies, Lanquage Arts 



OBJECTIVE: To consider the desirability of^ reducing energy 
used for' recreational purposes. 

MATERIALS: Library 



ACTIVITY 



1. 



5- 



Review with the onass the general idea that 
recreational activities consume tremendous 
amounts of energy iff* the United States.' Involve 

- t,£<2 class in listing some of th£ biggest" users 
such as night baseball games, -the 'Indianapolis 500 

'automobile race, air-condftioj>ed playing areas 
such as Superdome,- Monday ijAfcf.ht football on TV, 
and others. 




Organize the class to simulate a Senate sub- s 

committee charged With investigating the desir- 
ability of outlawing /or drastically reducing high 
energyuse recreational activities such a£ those 
cited above . ' 



Urge student^ t 
statements in s 
idea untjer inve 
to five student 
to question the 

After hearing a 
prepare the re'c 
Senate (entire 
should include 
the judgment of 



o prepare and r 
upport of or in 
stigation. A 11 
s should be giv 
witnesses af te 

11 testimony th 
ommendations it 
class) on this 
the major cons'i 
the committee - 



ead short written 

opposition to the 
commfttee" of thr6e 
en the opportunity 
r their -presentations 

c? committee should 

will submit to the ' 
issue. The report , J 
derations that shaped 



The committee report should be made available dn 
written or oral form to the entire class which, 
after study and review, votes to accept or reject 
the' subcommittee recommendations . 

j 



361 



39J 



TIT^E: 
AREA/ ^ 
OBJECTIVE: 



ENERGY C0N5ERVATIOfi - . . • 

Mathematics ' v 

To make students aware of energy scarcity by haying 
them solye mathematical problems dealing with energy 
conservation. 



MA^ER^ALS: Listed in activity 

ACTIVITY*: .Provide the class with the following problem for - * 
solution* A trucking company f specializes in haulinq 
• qood,s from Albany\to Buffalo, a distance of 280 miles. 
If the truck drivers are paid $5. .00 per hour, what 
, percent increase in cost resulted, from the change<in 
the V3tate speed limit from 65 miles per Viour to 55 
mij.es per hour (presuming, of course, that drivers 
adhere to the limits 4 in both instances)? 

A Why was the speed limit lowered? m * 

Who eventually absorbs the company's increased 
— operating expenses? 'Explain. 

Do you think that these increased costs are par- . • 

tially offset by greater fuel economies? Explain,. 

(Environmental Understandings: [Individuals should become well. , 
informed about the best ways to manage and conserve* our energy 
supplies A [The material welfare and aspirations of a culture 
largely determine the use and management of natural resoyrces^ J ) 

Suggest the following problem to the class ^ Based 
upon emissipn control standards for cars manufactured 
since 1970, the carbon monoxide in exhaust Jrumes should 
not exceed 4 percent. A recent -test of a 1972 auto 
indicated that 150,000 cubic centimeters of an exhaust 
sample contained 7,000 cubic centimeters of carbon 
monoxide. Using the principle of proportions, determine 
by how nrany cubic centimeters the carbon monoxide count 
must be reduced* to meet the 4 percent requirement. 

. 8 Have the standards for emission controls established 

by the Federal and state governments been realistic, 
manageableones? Explain. 

, ^ What have been the objections of auto manufacturers 

to these standards? * > > 

What effect; hav£ the. emission devices had on gasoline 
consumption? Explain . 

(Environmental Understandings: [Individuals tend to select short- 
term economic gains, often at the expense of greater long-term en- 
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vironmen£al benefits J [Choices between essential <needs and 
'nonessential desires are often in conflict^]) 

j Divide the class into three -groups Give each 
group the problem of plannincj % a * fenced-in garden 
having a specified length of 'fencing * available , 
e,g w 120 yards. Give directions as follows: 

Group I: Design a triangular-shaped garden with ' 
as large an area as' possible. 

r Group II: Design a quadrilateral-shaped garden with 

as large an area as possib.le. 

Group III: Design a pentagonal-shaped garden with 
as large an area as .possible. 

What triangle seems to have the largest area? What 
quadrilateral? What pentagon? 

What would have to be done to obtain the largest \ 
j possible area for the garden? ; • , 

Discuss whether, or not gardens, building lots, con- 
struction sites,/ highways, etc, are planned or 
designed in a fashion whic^ makes the most efficient V - t 
use of available^J^TrttfT*^ -> r 
" ^ * 

•What consideraticm, other- 'than efficiency (economically 
.< speaking! , must be part of our land-use planninq? - \ 

(Environmental Understandings.: .[The nonrenewable resource base 
d£ mineral elements is considered finite and depleti'&n oan only be 
slowed by altered priorities, new .demographic considerations, im~ 
proved conservation practices, .''ana vigorous recycling J^Ocedures. J 
lAny one of an environment^ components, .such as spaceC water, air,, 
food, or energy, may become a limiting factor,]) 

, Give the students the following problem-. An apple 
orchard now has 30* trees j>er acre, and the average 
yield is-40Q apples per tree* For each additional 
tree planted per acre, the* average yield per tree 
is reduced v 'by approximately 10 apples. 

Write a- function of x which represents the total yield 
of apples per acre if x represents the number of new 
■ £rees planted per acre-. 

Graph the function-, 



Decide on the number of ( trees per acre which pro- 
duces' the maximum yields 



A 



What it&bi cations does the above procedure have for 
efficient use of land and resources? 
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What is pecessary in order for the above procedure 
to be applied? 

(Environmental Understandings: [The nonrenewable resource base 
of mineral elements is considered finite and depletion can only 
be slowed by altered priorities, n£w demographic considerations, 
improved conservation practices, and vigorous recycling pro- 
cedures ). , s 

VJhen seairching for problems which involve logarithms, 
consider several environmentally- re la ted topics * 
Some of these topics which ^are concerned with exponen- 
tial functions are: population growth, bacterial 
growth, and radioactive disintegration^ u As an example, 
have students work with the population growth formula 
as used in the f611owing problem: 

p = p o x (1 + a ) ct 
° . 100 

p = new< population 

p - original population 

a = rate of population growth (constant) 

c = factor of propor^onality - 

t = time elapsed I 

• 

' rf the population of the United States in 1^70 was 

210,000,000, Cp 1 , and the annuai rate of population, 
growth (a) is .62 percent, what will the ejected 
population be in 1990? it = 20 yearsj- (The\factor 
of proportionality, (cl is 1/ip.J 

' How longs will it take for the population of the v 
United States to double? 

Graph the population growth of the -.United Stated 
from 1970 to. 1990 using 5-year intervals. 

Suggest events that might take place which wquld 
alter the appearance of the graph developed in 
answer to the preceding question..- ♦ C 

«\ Describe the appearance of * the graph, which would 

reflect each of these events. 

Estimate the current (1980) population' of the United 
S t"£t t e s • " v • 

In terms of environmental impact, how would your 
describe this rate of population growth (.62 percent)? 
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Obtain rates for other nations (in Burope, Africa, 
Asia, and Latin .America) and compare them with the 
, • United States* rat&* How-soon will some of < these 

nations 'experience la doubling of their populations? 

(Environmental Understandings; 1 [The demands of pqpulation growth 
coupled with,m^n f s tremendous waste of energy, are responsible for 
some of our more serious environmental problems,] [Earth's 
resources and recycling system can support only' a limited number 
of people; therefore, as populations increase and as resource. 1 
supplies decrease, the freedom of -the individual to use the. 
resources as* he wishes diminishes,]) f 

The following problem could be included in any twelfth 
year course in which introductory calculus is 
. presented, A truck has a minimum speed of 20 miles 
per hour in high gear. When traveling x miles per 
hour in high geaj?, the truck burns diesel fuel at 
the rate of L--; 2500 +^ gallons" per mile, 
300 . 3f - 

The truck carmot be -driven over ,7,5 miles per hour • 
If diesel fuel costs 53 cents a gallon, find: 

-The steady speed that will minimize the cost 

of fuel for a 500-mile trip, 
-The steady speed that wilL minimize total t 

cost of the. trip*', if the driver is paid $4,00 an hour 



Which of these two 
natural choice af 



speeds decided on above Would be the 
trucking companies today? Explain* 



Could the situation 

for what reasons? 

) 

(Environmental Understandings: 
informed about the best ways to 
supplies.] [Raw 'materials and i 
tained from thos^ resourced ava 
and demand determining their 



ever reverse itself? When and 



[Individuals should become well 
manage and conserve our energy 
Energy '-supplies are generally ob- 
llable "at least' cost, with supply 
id value , ] ) 



econom 
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TITLE: . - PETAU. MERCHANTS .AND ENERGY CONSERVATION 
AREA: Social Studies 



/ ; 1 

. OBJECTiyjE:^ To provide students with an insight into the 

response of lopal merchants on the need for energy, 
.conservation * 

* i — * 

^MATERIALS: Department Store Energy Aodit " , 

ACTIVITY: 1. Students should use the Department Store Energy 

Audit Form developed for this activity to conduct 
- '< .a survey in a local department, store ^ This should 
. be done with permission and cooperation of the 

store manager or a person .designated to Work with f 
the students . Information obtained from the sur- 
vey should be used in preparing, a recommended energy 
conservation plan for the department store, Stu- 
dents should' be quite fairfiliar with all items on the 
form and be eguipped with quantitative information 
of -interest to the store operator (e„g w effects 
of thermostat, setback) ^ ^ 



f 2* Another activity would be to" have students revise 

the attached form for use- with ^public buildings f 
hospitals, grocery stores/ or dairies,. Interestr 
ing comparisons could be made betweeh any two or 
more of these situations. Questions €o consider « 
would include: 

v a. Which ofite should receive highest priority in 

times of > energy curtailment? 

b. How* muciv energy is^required to keep a hospital. 
. functioning? VThat happens if .power, is cut off 
or curtailed? Which , if any, other community 
< " facilities face similar situations ^n case of • 

emergency? ' . • - , 9 

CONTACT ORGANIZATIONS : * , 9 

11 % Ypur loc^l Chamber of Commerce may he able to help 
p locate store managers who would cooperate in this 
activity.^- 9 » 

2. .U.S. Department of Commerce,. 15th and Elstreets, 
NW, Washington; d.C. -2023G V 

p 3. Environment .Center, The University of Tennessee, 

South Stadiym Hall, Knoxville, Tennessee 37916 A 

4 % Tennessee Energy Office, ^Suite 250, Capitol Hill 

Building, 7th arid Union, Nashville , Tennessee 37219 



r 
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Department store energy audit form'. 



STORE NAME: 

4 

\ 

ADDRESS : 



DATE: 



Student ' s Name ; 



Method(s) of Heating and, Cooling; 

\ 



Do6£ the store own the^buildijiq? Explain why it 
matters. , 



Are energy purchases (types and amount^ of fuel ysed) 
controlled by the store, operator/manager? Explain. 



A 



Is thermostat setting for cooling 78 or 
higher? «• . \ 

Is thermostat, setting for heating 68° or 
lower? - 



3, Whete possible, is outside air xfsed tQ 
control temperature? > 

Is the thermostat adjusted during non- \ 
selling hours? ^ 

Are all heating/cooling ' systems" regularly 
inspected? * 

Are doorways and windows closed when 
/* heating/cooling equipment is operating? * 

Is weatherstripping and caulking evident 
around doors and windows? , * 



4, 

6, 
7 



8. rAre display items (dishwashers , lamps,' 

small appliances) turned on only by 
request and not left on? 

9. ^^s' cleaning done during store hours? 



9 
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yes .n 



does 

not 

apply 



is 



I nut 

10 . Is ligjitiihg in 'sales areas adequate but yes no a PP 1 y 

not* excessive? . 

v 

ll* Is display lighting reduced to a* minimum ~~~ 
when the store is closed? * « 



Comments : 



» \ 
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TITLE: 'COMMUNITY REDUCTION OF ENERGY' USE 

AREA: Social Studies t N • 

OBJECTIVE: To explore community reduction of energy use, 

MATERIALS: .Library and research ^materials * ^ * 

ACTIVITY: Review with the class the following- description of 
-Davis., California, efforts to save energy. Discuss 
_^jwitfh the class the • appliqability of -some of Davis' 

actions to their own towns or cities* Ask students $ 
^ as a homework assignment to cfet parental reaction to 

Davis 1 plan and wri'te a short p'ape^: ;Ln which students 
: discuss what parents think about suqh city planning 
activities* 

One of the best comprehensive energy conservation pror 
grams is being run by Dayis, California , a small cpty 
- 12 miles outside Sacramento. * The Davia* City Council 

convened a- committee of architects,, metrologists , 
_jDlanners, and citizens to survey energy use in- the city 
and to make recommendations for reducing fuel consumed , 
\ . in. space heating and cooling by 50 percent. The group 

drafted a new ordinance controlling building design 

* * elements* such as window area and orientation (it re- } 
cfuixes that Houses have- limited window area on the ^ 
nor &V w ®?t an< ^ e ^st exposures) amount of insulation, 
bjuiraing heat storage capacity and building orientation 
so as to make maximum use of natural heating and cooling. 
The final ordinance v£&§ accepted by the City Council* 
^The changes have already reduced the^ city's electrical * 
consumption by 10 percent and the natural gas con- 
sumption by 40 percent. 0 r 

Davis 1 experience with its "building ordinance prompted 
it to implement a broader energy conservation program; 
the* city contracted a group called Living Systems % to 
draft a comprehensive energy pl^n. The Litfincjj Systems 
plan> complete^ in June^l976, touches on lan# use, solar 
energy utilization, city procurement policies, and trans- 
^ portation* Maximum use of * bicycles and walking is' en- 

couraged; the city of 35,000 residents noy has 28/000 
bicycles, seven-foot-wide bike lanes, and streets closed 
to automobiles^ Zoning will be altered to make it 
possible for buildings to take beat advantage of south- 
facing windows and thus optimize the effects of natural 
heating * 1 

The plan calls for extensive planting of trees along . 
streets and parking lots to create a natural cooling 
effect in summer. The city itself will switch to small 
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energy-saving vehicles ^for its fleet, »The Davis 
plan will also guarantee "sun rights" in new resi- - 
dential developments' sp that owners of solar equip- 
ment ireed not fe&r that their systems will be shaded 
by neighboring buildings in the future. The city 
expedts to readh its goal of 50 percent energy use . 
reduction Within 10 o years. (Contact: Janice 
Jacobson, City of Davis, 218 F Street, Davis, Cali- 
fornia 95616, (.916) 756-3740, Ext. 65.) 

A Survey of Model Programs: ^ State and Local Solar / 
Conservation Projects . Center for Rentable Resources 
1028 Connecticut Avenue, NW, Suite 1100, Washington, 
D.C. 20036. K 
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ITLE : 
-AREA : 
OBJECTIVE: 



MATERIALS 



ACTIVITY: 



I- 



DEVELOPMENT OF A TOWN 1 S ENER 
Social Studies, Science, EffgTl 



SOURCE 



To develop an awareness of 'the Droblems surrounding 
the various types of ener^y-gefier^ting plants, 

Inf ormajkion on the advantages and disadvantages .of 
the different energy-generating plants, v s 

1. Divide the class into four groups and pretend 
tha-t they are going to develop a town beside a 
common stream. Their land isf contiguous; they0 
will generate their own energy. • A ' 

Group 1 Will;set up a coal-fire generating plant 
Group 2 will set up a gas-fire generating plant^ 
Group y will set up a- nuclear-generating plant 
Group 4 will set up .a' hydro-generating plant. ^ 

2. Each ^roup may "oppose the erection of any other 
group's plant on the basis 'of pollutants, passage 
of fueTacross their territory, or use/abuse s hi .a 

' . common resdurce such as air or water. 

<* 

3. The students, must decide *the best method of gene- 
rating electricity, whether it should be a common 
source or ..several generators and which ones. ^J^C 

' a common source^ is selected* vhose land, will" "it _ 
occupy and what compensation will be provided rfor . T 
the l||nd use? . 



\ 
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TITLE: 
AREA; 



PLANET QUANTUM 
'Creative Writing 




OBJECTIVE; To write a science fiction story about Planet Quantum* 
incorporating energy concepts. 

MATERIALS j * Paper, pencil 

ACTIVITY : The Story 

The -story takes place on a fictitious planet called 
l, Quantum." The basic theme of the story is what 
happens when the production and distribution of energy 
resources on the planet are halted"; Because of this, 
people, adapt their behavior to conserve energy . This 
situation proves to be a learning experience for all 
and one to ^hich we can relate < 

The story opens w^th a view of the planet . Quantum is 
much, like Earth in that many people are overconsuming 
energy. This over con sumption is causing problems for 
there is .concern about unequal distribution and the 
diminishing availability of energy* 

To deal with this situation the people ,of Quantum have 
elected. representatives to make energy decisions that 
will, affect everyone. There exists a satellite called 
the "Interdependence" which orbits Quantum and serves 
to regulate* the t production, use and distribution of 
energy resqurces. The satellite is computerized and 
without it, large-scale* energy* usfe would be impossible* 

The elected energy specialists 4 who control the Intex^ 
dependence are introduced t Their title is s QjiEST which 
stands for Quantum Energy Saving Team. Their job is 
to set energy use and distribution priorities for the 
coming* decade., The members of the QuEST ares 

1) "Mega Watts" This character is a scientist with 

great energy expertise , , * 

2\ "Dr. Drat" ^ This character is alienated and angry 
because of the way energy is currently being used 
and distributed. 

3) "Omni* ^This character is the imaginer* Through^ 
Omni we can explore different ways to view energy 
>and* alternative conservation strategies* 

4) , ^"Dyad* ~~ This character is our decisionmaker and 
compromiser. . Pyad* helps us to see the process Qf 
gathering evidence, considering alternatives and 
facilitating bargaining- and compromise. 

5) "Z6i*c" ~- This character represents environmental 
and conservation conoerns. „ 
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.6) "The Incredible Bulk" This character represents. % 
, dverconsumption . 4 

We see theift meeting aboard. the Interdependence. Th^y 
realize that they are wasting energy by traveling to 
•the Interdependence every time they wish to me^t. 
They decide to go to a system of meeting* via multiT 
media panels. This wary .they can corrtfhunicate with 
each other without leaving their homes. QuEST con- 
tinues to meet via multi-media oanels and their differing 
views on energy priorities become evident. 

Zoic reflects about the ^ conditions which existed on 
Quantum before the QuEST and the "Interdependence," 
Omni imagines about all the. different meanings of thS 
concept of energy. 

Meanwhile Dr. Drat becomes so >f rustrated that he decides 
to construct a plot to take over the control of the 
"Interdependence."' He* tricks the other membe^fe of the , 
QuEST so that they will not be available when he re- 
computerizes the "Interdependence," redirecting, energy 
resource^-^j^mthe overconsumers to those in need. 

As fate would have it, ;juSt*'2r^ he starts to alter the* 
flow of energy resources, a series of human and natural 
disasters renders the "Interdependence" inoperable, 
We now see Quantum without large-scale eneirgy resources • 

At first there is chaos and panic. People are very 
dependent on energy and the crisis causes quite a 
shock. However, as time passes, people begin tQ co- 
operate and conserve.^ Their lifestyles change and 
eventually they reaiize that alternate forms of energy 
can be used to meet their needs.; 

The QuEST meets again. At first they comment that *heir 
condition is only temporary for eventually the' "Intery 
dependence" will' be repaired. Very quickly they realize 4 
that even when it is repaired, if they return to their 
old energy habits, they will he right back where they 
started. / ^ 

"he story ends with the QuEST/realizing that the people 
on Quantum have learned invariable lessons about energy 
conse^vatidh from their crisra. They Realize that thp . , 
distribution and use of energy/ must be more equitable 
and efficient, . Problems will always exist and solving 
them will not be easy. Everyone, has learned a great 
deal, especially 'thgt conserving energy is a matter of 
changing people's energy habits, - 




1. Students could be asked to speculate about the 
nature of "Quantum" society as related to its 
dependence on energy. How is this society similar 
\o our own? Ask students to write down examples • 
*of ways in which we depend ^on energy and discuss 
their" ideas. * * . 

2 4 Have your students make two lists, one stating 
the benefits obtained from, energy resources and 
the othej: disadvantages or negative results • 
' % Discuss the examples given dn the cartoon book and - 

those on their lists, • . 

* 3.« Help your students ^define the te;rm "overconsumption. 
Alternative ideas could include the wasteful or 
overdependency on energy intensive appliances. * 
v What are some examples of overconsumption? Relate 

, * this idea to things with .which they are familiar* 
What are examples of overconsumption^ in the 
classroom, school and community? Magazine advert 
• , tisements 1 often show examples of overconsumption. 
Students* could make collages from these. 

4. The satellite is called^the "Interdependence." 
*> . Have s o tudents define the concept and explain why 

the satellite is so named. Next ask the students' 
to pick out examples of interdependence. How are 
th^ people mutually dependent on\energy? How does 
the amount of enefgy available and the amount 
charged for its production affect the cost of 
energy to the consumer? Have your students ask 
their parents what it costs every: month for elec- 
tricity, gas and oil for their homes, * Has the 
cost changed in the last year? What abourt: the 
price Qf gas for the' car? Kow have pricre changes 
affected their lifestyles? 

5* The QuEST decides to meet Via multi-media panels 
rather than travel to the "Interdependence." Do 
you think this actually saves energy? T *hat are 
- examples of us;tng energy to save energy^ 

6. List on the board the names of the six ipain ' , 
characters, what are the problems involved in 
making group decisions that affect others? Have 
your students imagine that they are members of 
^ the QuEST. Have several students role .play a 

/ QuEST meeting. After they have role played, ask 
the class to identify aspects of group decision- 
making, such as stating positions, the use of 
evidence, negotiation and compromise. What have 
they learned about group decision-making and the 
problems involved in establishing enerqy policy? 
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Rela.te this to the present situation in this * 
country and the world. Why is it necessary to set 
energy priorities for the future now? 




Zoic; 'Need to protect Dyad: mil have to com uTura^ss 
environment . . , ' promise . . . ' 1 " 

ftan optimistic. 



r 
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.TJTLE: CONSERVATION OF ENERGY AT HOME— LIGHT SOORCES 

AREA: SocUal Studies, Science 

OBJECTIVE: To compare incandescent and fluorescent bulbs fcy^- 
efficiency. 



MATERIALS; Bulb package for incandescent and^Muorescent bulbs' 

/' 

BACKGROUND: Wattage is the amount of energy required' to operate 
a light bulb or other^tectrxcal device, The amount 
of light a bulb provides is indicated in lumens * M 
Bulb packages should give not only the wattaqe requia^Q 
* but also the lumens produced by the bulb^ f' 

ACTIVITY: 1. Using bulb packages , compare several incandescent 

and fluorescent bulbs for efficiency (lumens per 
V^watt) „ 

For example i *A 100-watt incandescent bulb may 
yield 1,750 lumens which gives' the bulb an 
efficiency c^f 17,5 lumens per watt: 

1,750" ltfl nAs in c ^ 
^ loo W aUs ^ 88 17 • 5 lumens P er watt 

Determine the efficiency of th£ following btilbs, 
plus any others you may have: < , + 

a, lOO^watt fluorescent bulb 

b. 40-watt fluorescent bulb 
c< lGQ^watt incandescent bulb 
d. 25-watt incandescent bulb 

\ 

2. Which type of lighting is more efficient—, 
incandescent or fluorescent? • r ^ 

3, Is« it more efficient to buy four 25-watt or one 
lOO^vatt incandescent bulb(s)? 

• 4. Discuss the con^rative lifetimes of fluorescent 

* * and* incandescent bulbs* 

5. Discuss the turning off and on of incandescent and 
fluorescent btilbs, (Fluorescent £ulbs have a warm- 

♦ up time; incandescent bulbs do not t I 

*' 

i 
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ENERGY CONSERVATION AT HOME 

Multi -disciplinary 

To help students gain an av/areness of ^nergy use and 
waste in the home. V* 

Have students use the -Energy Conservation Checklist 
For ; The Home' prepared for this activity to determine 
where/why/how energy^s- wasted. Information gained 
from responses' on tti^^checklist can be used by students 
to develop energy conservation suggestions for their 
parents! Students should„_.£ncourage ftheir families**- 
to implement the energy conservation measures artci do 
their part to make it work. Following thas experience, 
the class might discuss such questions as: 



1. What -are the most inexpensive ways to* conserve 
energy in the hoirte? ^ 

2, What are the most effective ways to conserve energy 
in the ^home? / 



3. Is it possible to still pay higher utility bills 
after .implementing an effective energy conservation 
program at home? If so, why? , • 

4. How do you read* electricity and gas meters? 
CONTACT ORGANIZATIONS ; 

1* Your localr^gas or electric utility, power, distribu~ 
tor, and building supply house. 

2. Tennessee Energy Office, Suite 250, Capitol Hill 
Building, 7th and Union, NasKville, Tennessee 37219 

3. Tennessee Valley Authority, 40Q Commerce Avenue f 
Knoxville, Tennessee 37902, 

^jfeJ^Environment Center, The University of Tennessee, 
South Stadium HalJ., Knoxville, Tennessee 37916; • 

5. See appendices for estimates of ye irly consumption 
by common household appliances* 
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AN ENERGY CONSERVATION CHECKLIST FOR THE HOME - f 

< 



Name and "Address 
of Resident; 



Name of Student: ' 



Date; 



USE THIS CHECKLIST TO DETERMINE NHERE/HOW/WHY ENERGY IS WASTED 
AT HOME, THE .MORE CHECKED "YES f n THE MORE ENERGY CONSERVATION 
MEASURES B^ING USED, , 

, YES 1 NO 

1, Are spaces around windows, doors, air 

qonfiit loners, etc., properly caulked ^ 
^ {sealed tightly)? % t j L 

2 f Are there storm windows and doors * 

throughout the home? t ^ ^ _ _ 

3. Are windows tightly closed at all times 

during cold feather? *f c 

. 4. Are exterior doors closed quickly after 

use? l , ^ 

5. Are drapes and shades closed at night 

and on cloudy or windy days during the ( 
winter? . _ 

6. Are drapes insulated? ^ 

7*. Are hot air ducts or radiators closed off 

in unused rooms or closets? 



8. Are hot water pipes and air ducts in- 
sulated? 

9. Is the air conditioner located on the 
shddy side of the house? 

# 

10, Are drapes and furniture located so they do 
, not interfere with air ducts, radiators, 

thermostats? 

11. Are the^walls insulated? 

378 " • 4li 



12. Does the floor have 2 to 3 inches of insulation? 
13 Does -the attic have 6 to 8 inches of^insulation? 

m 

14. Is an attic fan .used in the summer? 

15. Is the fireplace damper closed tightly when 
not in use? 

16. Are heating and cooling fil-ters clean? 

17. Is the thermostat set at 68 degrees F or below 
during winter months? 1 / 

V. * 



18. Is the therf^stat set at 78 degrees F during 
' summer months? f 

19. Is the thermc(s^at adjusted at night? 

20. Do thermostats indicate accurately calibrated 
temperature settings? , ^ 

21.. Are lights turned 'of f when not needed? . 

22. Is the TV, radio, or stereo turned off when not 
in use? 1 . - 

23. Are ovens and burners turned off immediately 
after use? 

24. Is the oven used to bake ^nore than one food at 
a time? 

25. - Is ttfe refrigerator thermostat 'set at +40 x 

degrees F? . 

26. Are gaskets around refrigerator and freezer 
Y doors tight? 

27-^ Is the frost on the refrigerator and freezer 
' less than 1/4-irich thick? 

28. is^the water heater temperature setting . 
- between 120 degrees F and 140* degreed F? 

29. Are all water faucets in good repair (not 
. . leaking)? 

30. Do the residents take brief showers or use 
a small amount of water in the tub? 



.a 



31. Are clothes washed* only when there is a full' 
^ load?^ . 

32. y When washing clothing , is cold or warm water 

used impossible? 

• * « 

33, • Are dishes washed only when there is a f^ll 

load? 

34, ^Are evergreens properly located around the 
outside of the hoiise to provide a break 
against cold winter wind and shade against 
the hot summer sun? 

35, Are deciduous plants located on the south 

of the house to admit the winter sun and 

protect from the summer sun? 
$ • 

36. Is there a humidifier in the "home? 



YES 



NO 
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TITLE: SHOWER VS. BATH * 

* * , 

AREA: * Health, Science / 

» *• 
OBJECTIVE? To demonstrate that a short .shower is more energy * 

^ conserving than a bath, * and that lengthy showers waste 
hot water and ener.gy, 

MATERIALS: Yardstick 

ACTIVITY: If . people took short • showers instead of baths or 

lengthy showers, ,a lot of energy could be saved, It 
takes about an ou'nce of oil (or a cubic foot of gas, 
\ or 1/4 kilowatt-hour of electricity) to. heat a gallon 
.of water. ' 

Compare the water used h for a bath and a shower. Fill 
your bathtub (at the temperature and 'depth you trke — 
bfest) and measured the depth with* a. yardstick (when 

•you are out of the water). Record the. depth: • 

J. inches. At ygur pext bathing time, take a shower (in 
the saiT^e tub) Keep the drain closed during your 
, - shower, but *be careful not to % overf low, thfe tub, (Do 

not rush your shower; take your time J) This time 

* record your bathing time , as well a^ the water depth. 

Beginning Time Ending 3 Time 

Duration of Shower Water Depth" 



er|c 



If you took a short shower, it should have required only 
about half as mucfh water as your h>cPth. 

Questions : ... . 
*. • 

1. What bathing practice ' is more conservative for 

• you? : , ' % ' . $i 

-2. What would be the, energy impact of taking, a 20- • 

minute shower? 
3. What £re some other ways to conserve, energy while 
bathing? - ^ - ■ . 

Suggestions : • 

1. If your shower was lepgthy you may need to measure 
the depth, empty the tub and then* finish your s 
shower and measure again f Add the-twp depths. 

2, Investigate t}ie bathing practices of other members 
of your family. Who is most 'conservative?. 
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THERMOSTAT SETBACK 
Home Economics r _ Science 

To demonstrate the effect thermostat setback has on 
energy consumption. fc 

< 

Central air* or heat 

You can investigate the .effects of thermostat setback 
on the energy consumption at your residence . During 
the cooling Reason, thermostats should be s€t~~up to 
78 degrees F\to reduce the use of mechanical air 
conditioning and during the freating^ seasdn, t set down 
to 68 degrees F, The effect of these thermostat 
setbacks will vary f rpm ^residence to residence, but 
should be significant. , N 

To test the* 1 * impact of thermostat setback at your home, 
first determine the veekly consumption of energy prior 
to,the setback. Read your- gas, oil, or electric meter 
one week before the setback and read it a second *time 
exactly seven days^Cto the houj?) later % 

For example? , ' : ' * 

First Reading * Second ^Reading 

Meter Reading: 14276 kwh " Meter Reading t 15101 kwl 
Date?; 9/8/76 Date: 9/15/76 

Time: 8:00 a*m. ' Time :^_8_tiia-^^u 

The energy consumed by the example for the we^K was 
925 kwh (15101 kwh-14276 kwh =» 925 kwh) 

Immediately after the second reading set 'back the 
thermostat 5 degrees F lower if heating and 5 degrees 
F if cooling ♦ Then take a third meter reading exactly 
seven days latere 

For example f '~ w 

Third ReadjLnp . 

* tteter Reading: 15897 kwh 9 
Date: 9/22/76 r • 

Time:* 8:00 a.m< 

The energy consumed by the exarttple home for the week 
with the feet back is 796 kwh. To determine .the possible 
savings, find the difference between the ,first Week's 
consumption and the setback week *s ^consumption f 




Us'iag the example home: 

925 kwh - x 796 kwh = 129 kwh 
— Now try the test at your residence < 
First ReafliiKj o 0 Second Reading 



Meter Reading; 
D$te : 
Time : 



First Week's consumption: 



Meter Reading: 
Date : 

Time j * 



Third Reading 



Met<*r Reading: 
Pate : 
Tiifte : 



meter reading 2 
Setback week's consumption: 



meter reading 1 consumption 



meter— reading 3 ^ fteter reading 2 consumption 



Savings 



First week's consumption Setback week* 9 consumption savings 
Question s : 

% o 1, Why is it better to use a wee£*s, consumption for 
comparison rathetf than a day or an hour? 

' 2, What could b6. possible reasons for finding no 
savings or possibly an increase in consumption 
during the week with the setback? 

3, How much money could be saved in a year if you 

could realize the -savings you found (if you found 
one) during the setback week? 

Suggestions : 

1, bo this inyestigation when mechanical heating or 
cooling is certain to *e needed t * 



2 # Make-certain no one^d justs the thermostat duri 
the two weeks of trie investigation. 
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TITLE: * SUN ORIENTATION/WIND ORIENTATION' v 

AREA: Science 

OBJECTIVE: To determine where the sun rises and sets in relation 
to your home and to determine local wind patterns. 

MATERIALS: Compass, paper ,ipencil 

ACTIVITY:^ The way in which your home is oriented to^ the sun and 
wind affects the impact of the climate and the energy 
needed to maintain comfort," To- understand this con^ 
* * cept, it is helpful to determine the compass orientation 
of your home. First, thijik of your home as a box 
(usually a rectangular box) and view it from a bird's 
perspective. Given the directions of the compass on 
the circle below, locate your home in the center facing' 
the appropriate direction. Use a compass to determine 
which direction each side of your home faces. It may 
not be directly N, S, E or W, but using the face of 
the compass and this circular representation you should 
be able to make a good estimation of the direction. 
Once the house is sketched on the circle, use your 
c&mpass to locate the point at which the sun rises 
and sets. 




SUN RISES AT 20° 
SUN SETS AT 15° ^ \^ J* SOUTH OF EAST 

SOUTH OF WEST 



In the example above the house is rectanaular 
and the living area Cthe family room/kitchen} is 
represented in black t You can see that the long axis 
of the house runs slightly W of North by slightly E - 
of South, The points indicating the sunrise direction 
and sunset are marked. Conclusion: The family room 
area will receive the afternoon sun and be the "sun 
warmed" area, 'This could be beneficial or bad depending 
on the climate. 

Use the circle on the following page to locate your house. 
Instructions : - * 

1, Draw in your house's orientation to the compass, ' 

2, Draw in where the sun rises and sets, 

3, Where are the living- areas (den, faiAily room, 
-kitchenl of your hoOse in relation to the compass? 
Blacken this area of the house, 

4, Are the living areas exposed to morning or after- 
O noon sun? ' 
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In addiction to the sup, the winds also can be located 
on a similar drawing, ' Using the same ex^nple, we # can 
illustrate the direction frpm which the winds affect 
the house* Information (about winds can be found 
through observation or by inquiring at your local 
weather bureau, agricultural extension -service, or 
news agencies. There may be slight differences within 
a local area due to hills o^ wa # ter. 




WINTER STORM6 



WINTER WINDS 



W 



SE PREVAILING WINOS 




MOUSC OIUCNTA U#ff 



r ^Ji^M&R WINOS 
SUMMER STORMS 



In 'th'e example, the living area is only exposed to 
prevailing winds and* slightly to summer storm winds. _ 
The winter winds are from the NW, so this side of the 
^ex&mple house should not have large window areas on 
thd NW side if it is* located in *a temperate or cool 
climate zone. w < 



Use the . circle on the right 
to locate 'your "house, 
Instructions ; * 

1 1 Locat^ housf^ orientation . 
2 % Locate prevailing winds. 
3. Locate summer winds -and 

slimmer storms. 
"4. Locate winter winds «and i 

winter storms. 
5. Which areas of your house 

are exposed to storm winds? 

To winter winds? 




WIND ORIENTATION 



ftuest 



ion: 



D,o you feel^your house has a good or poor 
orientation to the sun and wind? .Why? 



Suggestion : 



The teacher may need to demonstrate how 
to use a compass. ^ Locate the classroom 
on a circular gtid. 
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TITLE: 



WINDOW AREA INVESTIGATION 



AREA: v r 
OBJECTIVE: 



-Science/ Home Economics, Drafting 

To determine the percentage of square footage of 
window area to total wall area and total floor area, 



MATERIALS : Yardstick 



ACTIVITY: 



ERiC 



Since 'glass fifes much less insulative value than a wall, 
it is wise to use as little glassed area (windows) as' 
possible to conserve energy for cooling and' heating. 
There are Building code restrictions and guidelines 
f or *the amount of glassed area: 10 percent of the 
total square 'foot^age of floorspace for the home and 
less than 20 percent of the total square footage of 
the exterior wall are generally accepted standards 
for residences, m * 

It is 3 pimple arithmetic procedure to determine if 
your home or classroonf meets these guidelines. ' First 
• try the lQ~percent~of <-the-f loor method. In the example 
below, we see the square footage of the room is 300 
squar e feet. 



iy///y — '///'/. 'sys< > rzz. /// V///A 




'///// 

V, 



J 



urn 



mm 



From the elevation, we see the total glassed area is 30 square feet. 






0 



J 



To .determine the percentage of glassed area you -simply di vide: 
30 f glassed area = JO or 10% - 
300 * floor, areas 
Now try the 2Q^percent^of-totgl-wall^area method/ In 
the example , the totaljgall area is 240 sq, ft, since 
8* x 30* a 240. sq, ^t:^MPhe glassed area is 30 sq. ft. 
Therefore^ the percentage of glassed area is: 



30 



<125 or 12,5% 
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Using either method , the glassed area is within the 
guidelines.. , , 

Nov determine if your classroom or home meets the 
guidelines. 

Method I; 10% ,of floor area ' 

Total Floor «Area ; sq. ft/ 

Total Glassed Area sq. ft. 

glassed area . = = % 



floor area 

Method Hi b 20% of wall area 

Total Wall Area^_ sq- ft. 

Total Glassed Area^ sq- ft. 

gJLassed r ar^a " _____ =*' __ 



walle£ area 



Suggestions ; 

1. Try both metf^ds in the classroom before trying 
to tackle your Jiome, 

/ 

2< This makes a good group activity. 

'3, . This activity may be used in conjunction Vith 

reading floorp'lans and measuring interior, spaces. 

4 f 'Remember to measure ohly the ^gXas^sed 
#rin$ows-- not the frame s f too, 

5 f itfote that weather changes will also a£fect heating' 
and cooking energy uses. 



TJTLE J 
AREA} 

OBJECTIVE; 
ACTIVITY; 



HQT WALTER AUDIT 

Home Economics j Science 

*■ * 

* *- 
To demonstrate a family's hot water consumption and 
possible conservation measures, ~ 

<> 

The major uses of hot water in the home are %pr 
bathing and laundry* Use the data sheet provided to * 
estimate your^f amily 1 s hot water consttmption for a 
week. 



Task 


Number of 
times /week 


Multiplier 
(in gallons) 


quantity or tat Water 
(in gallons) 


laundry loads 




. 15 




tub baths 




25 




showers v 




20 




dishwasher loads | 




10 


9 


washing dishes 




5 




by_ hand 









TotaV- 
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T^lly the number of times per week thj^ ta^k using hot 
water occurs. Then multiply the mmtber of times by 
the multiplier- provided. The multiplier is the average 
amount of hot water required for/the task. The re- 
sulting value^is the quantity eft hot water consumed 
for the task. Then add> the^fuantities for each task 
to arrive at an estimate J2fe the hot wat<er your family 
uses in one Week. CThp^average household uses about 
350 gallons of hotj^after per week. J 

You can itow approximate the energy required to supply 
this quantity of hot water. 



gallons x 2 ^45 watt^hours/gal.= 




quantity of water 



watt-hour 



tf you us% g allons per week, you use approxi- 
mately 52 txmes^tftat per year or gallons. 

Calculate the energy cost for a year's consumption; 

gallons x 2»45 watt/hours/gal. = 



quantity of water 



watt-hours 



This is - kwh for one year (just move the 

; - decima.1 3 places to the* left.) Find out the rate in 

your area for electricity per kwh and determine the 
* cost of one yearns hot water consumption, 
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! fcwh x ; cents - $ c 

yearly energy irate . kwh 

consumption for 
hot water ; 

How could "you save money and energy for hot wate* at 
fyour house? 

Some things to look for if "your hot water consumption 
is high; x ' 

1. Check Jyour water heater *s thermostat— it should be 
'set at 140 degrees F or less. 

2. Check -for leaks, 

3. "kre the hot water pipes insulated? 

4 t Is the water heater insulated? 

Suggestions ; > "^/.^ 

1. Students should bring in their Rallies of ^ 

frequencies from -home and do tfie calculations as 
a class. 

2*. All ot the figures and calculations in this 

activity are based on 'averages and. estimates and 
do not indicate actual hot water use. . 



TITLE: 
AREA; 



ENERGY USAGE AT HOME 
Multi^disciplinary 



OBJECTIVE: To provide the awareness of energy usage in the home. 



MATERIALS: 
ACTIVITY: 



Provided 

Have the student check the correct box or write in the 
missing information in the spaces provided on energy 
usage at home, * 

r 

1. I live in a □ private home D apartment* 

2, My family Q does receive Q does not receive ari^ 
electric bill* 

^ The number. of persons living in my'Tiome or apart- 
intent is . 

adults * children. 

persoswS living in my home or apart- 



4. This includes 

5, There are 



ment who are home during the day, 
6. The major appliances in my home or apartment include: 



APPLIANCE, 


NUMBER 
^write *Q? if you 
do not have the 
appliance 


NUMBER OP HOURS OF 
" USE PER WEEK ' 


Television set 


i • ^ 
% 




Radio 






^ » ~* 

Refrigerator 


i 




Freezer Cseparate fyom 
refrigerator) ( 


- — iti — ~ 

1 \ i 

J 




Electric range, 


s 4 


, J 


Dishwasher 






Washing machine 




' 9 


Electric clothes drver 






Air conditioning unit - 
(Number of hours in 
use during average 
SUMMER week) 


i- 

% " 

t 


- - — - » t - 

/ 


— ■ — '■ . i' ■ ; 

Electric heating system 







NOTE; There are 168 hours in' one full<week. 

v 7. m Family energy usages (kwh) during the period of the 
most recent electric bill: t K ^ — 

k wh x price ppr kvrti monthly bill 

39,0 P^G 



TITLE: EFFECTS OF PLANTS 

r -=> 

AREA; Science, Social Studies, English 

OBJECTIVE ; K To determine the effect vegetation has on energy 
consumption and comfort. 



MATERIALS: The students^ hdmes . . 

ACTIVITY: ^ Trees and plantings ar$ often leveled in an area prior 
to residential development with little regard for their 
economic and esthetic values. The trees, shrubs, 
ground covers) vines and flowers temper the impact of 
sun and wind on the home. Vegetation ^can shield a 
home from unwanted sun and windj but -still admit 
desirable sun and 4>reezes. Because, of the ^ngle of 
^~the sun and the effects of seasonal changes, most 
-homes need protection from ,the sun during summer on 
the south, west, v and Sast, sides, and .protection from 
wind duiring winder on the north side t Of course, 
there are regional variations* Investigate the N, S, 
E, and W side© of your home and determine if the vege~ 
tation is beneficial and where ^ddition^l vegetation 
.is needed., Make your comments in the space provided. 

i 

North Side : 

Tree s s ' ; ; 

Shrubs \° 

Does^ the vegetation make a good wind shield? ~~ 
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South Side; 





Trees 








' Shrubs . 








Ground coyer 


* 






Vines- r 







Does the vegetation make a good sun shade? Are most 
of the trees deciduous? 



West Side ;* — 
Tre£s^ 



Shrubs 

Ground, 6over_ 
Vines 
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East Side s 
Trees % 



Shrubs 

Ground cover 
Vines 




Have a landscape architect or nurseryman visit the 
class to discuss diffe^sjrt types of vegetation and 
their effects on* home heading and cooling needs. 

Investigate the vegetation around the school and make 
recommendations to the school administration for 
additional plantings if they would be beneficial. 

Jave the student* write an\ exposition about how vege- 
:ation or the lack of vegetation have an effect on 
pergy consumption in their home* 
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TITLE: AUTOMOBILE COMPARATIVE SHOPPING 

AREA: Consumer Exudation - . , 

OBJECTIVE: To distinguish between transportation needs and 

transportation desires when purchasing automobiles 4 
considering economic and environmental factors. 

MATERIALS: Automobile dealers, consumer aild auto magazines, 
, , Blue Book 

ACTIVITY; Discuss the relationship between each of the following 

pairs of. factors: - . 

— size and cost 

— size and gas consumption 

— options and gas consumption 

: — frequency of repair and options 

— cost of maintenance and size ' 

Are autos, whichever type one purchases, used efficiently? 
* Explain, considering the efficacy of car pools and 
improved public transportation in light of the* recent 
oil shortage.. , r 



Do dealers' statements on performance diffeif'from 
test results as reported by consumer and trade maga~ 
zines? Give details. / 

% CONSUMER EDUCATION ^ 

What factors will be most important in helping you 
decide which car to buy? ^ y 

"Can we continue to justify the production of 10 million 
autos a year? Explain. ' ' ' 



What environmental problems are created by .the auto*-* 
mobile? Which can be solved by diligent effort, and 

which may never be remedied? 

"> 

^Environmental Understandings; Individuals* should 
become yrell informed about the best w^ys to raaniage 
u and conserve our energy supplies. Choices between 
essential needs and nonessential^ desires ire often in 
conflict. The w^ste of natural resources can limit 
the options available to future generations.) 
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TITLE; 



AREA: 



GASOLINE RATIONING 
SociaJ. Studies 
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OBJECTIVE; To. become aware of problems associated with gasoline 
rationing in the United States. 

MATERIALS ;y See activity. w 

ACTIVITY: Review with the class the U. S. experience with gaso~ 

* line rationing. Asa homework assignment, urge - 
students to discus^ftith grandparents or other older 
persons their judgments about the effectiveness of the 
gasoline rationing system used during World War II. 

Discuss as a class, or in small groups, the applicabi- 
lity of such a rationing system in the United; States 
today. In the event ' that a very severe gasoline 
shortage predicted by some people actually develops 
is rationing inevitable? What other options are 

available? ' » 

"\ * 

BACKGROUND: When ^he^XJ, S . rationed gasoline during World War II 
there were about 25 pillion automobiles -on the road. 
In 1975 the country had registered, according to fc the 
World Almanac. /more than' 130 million vehicles, 1 

i« 
em that often led to black marketing and 
to bend .the rules was created to ration 
ly. v Car owners received TA, fl f, B," 
ickers that wefte pasted on the auto , 
windshields/ The : v P t " sticker entitled the car owner, 
to a basic ration of four 'gallons a week^which .was . 
later reduced to three gallons. The W B V sticker en- 
titling the owner to extra gas was given to persons 
who could prove their cars were needed to get to work. 
The "C" sticker, and more- gasoline, was given to 
workers- such as physicians who coulci prove that extra 
gasoline was necessary in their job. The "X" sticker 
exempted a vehicle* from rationing and was available 
<, , to very few drivers. , . 

..Ration books and stamps accompanied stickers. Buying 
gasal-ine-reqtrired^i^mps—as-wellT as mon ey; — The^service- 
station operator was required by the Office of Price 
Administration to turn in stamps to account for all 
*the gasoline he purchased and sold. 

Speed-limits were reduced.to 35 miles per hour and a ^ 

* driver caught speeding could lose his gasoline ration. 

During a period iri 1943 when the gasoline "A" ration 
was three gallons per week, the Office of Price Admin- 
istration banned all "pleasure driving. n v Essential 
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driving was defined by OPA to include -"necessary" 
shopping, gettiryj medical attention, attending 
funerals or church services, and ineetihg emergencies 
involving threats to life, health, or' property. 

While OPA reported good compliance by a large majori- 
ty of motorists, a black market ^ de'velpped -using 
counterfeit or stolen, stamps. By the summer of 1944 
several hundred i>lack marketers had been convicted 
and several thousand drivers* had their gasoline rations 
revoked for using illegal stamps. 



■ r 
^ 
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TITLE: 



GOOD GASOLINE MILEAGE 



AREA* 



- Science, Driver Education 



OBJECTIVE*. To measure student ability to obtain good gasoline 
' mileage. 

MATERIALS: Quart of gasoline 

v 

ACTIVITY; It should be possible, at relatively small expense, 
to modify the fuel system of tftie school's driver 
education car" so that mileage obtained from a quart 
of .gasoline might be determined', — ■ - . 

Near the end of the driver education program, each 
student in the class should be given the challenge of 
coaxing maximum mileage from the quart of gasoline 
allotted to him. Students should be interested in 
seeing how they rank when compared with others in the** 
class. If it is possible to establish driving con- 
ditions t;hat do not vary much, the instructor may wish 
tp establish a minimum mileage>>Eigure as one of the 
cqmditions for passing the course. 

This , activity Should emphasize to students the impor- 
tance pf factors that affect* gasoline mileage such as 
motor tuning, tire pressure, rapid acceleration, ex-*, 
pessiye braking, and steady rate of driving. 
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TITLE: 



AREA: 



INDIVIDUAL GASOLtNE SAVINGS - 
Math 



OBJECTIVE; . To investigate the /importance 'of "^individual gasoline 
savings, 

MATERIALS:' Paper 

Pencil ^ 



ACTIVITY: Share with your class the following information: 

There are more than 100 million registered automobiles 
.in the U. S. A typical car, \yith an average fuel * 
economy of less than 13.7 miles-per-gallon, travels 
about 10,000 miles each year' — and consumes well over 
700 gallons of gasoline. 

Altogether, these automobiles consume' some 70 trillion 
gallons of gasoline each year — or about 14 percent of 
all* tlje energy used in the United States, 'almost three- 
-quarters of all gasoline used and 28 percent of all 
.petroleum. 

The impor^tanc^ of individual gasoline savings cannot 
be overemphasized. If, for example, the fu£l consump- 
tion of the average car were reduced just 15 percent 
through fewer daily trips, better driving practices, 
and Setter maintenance,, the nation's consumption of 
^petroleum would' fall by over 680,000 barrels per day, 
or about 4 percent of demand. * ^ 

If every automobile consumed one less gallon .of gaso- 
line a .week (an average of about 13 "miles of driving), 
the nation would save about 5,2 billion gallons a year, 
or about 7 percent of the*" total passenger car demand 
, for gasoline. Survey your students to ascertain the 
number of cars*in each family* 

_ Calculate the number of gallons of gasoline "that could 
be saved by your ^tu^ients 1 families per year if each 
-driver consuiheckorre ,1'ess gallon of gasoline, per week. 

*Using.the current cost of gasoline per gallon* ca*lcu~ . 
r \ ~ K late tfte antqunt of mbney that your fclass 's^families 
„ could save. v „ r fc - *. m \ 
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TITLE: 



GASOLINE USAGE BY AMERICAN MOTORISTS 



AREA: 

OBJECTIVE: 

J 

MATERIALS : 



ACTIVITY: 



Math 

To dramatize the enormous amount of gasoline used by 
American motorists. 

42-gallon barrel 

Pencil , ' 
Paper 

Secure from the school custodian a 42-gallori barrel or 
have someone as an art project make a profile of a 
barrel. to be displayed on a classroom wall. On the 
barrel or paper facsimile show the percent of oil used 
to make gasoline, jet fuel, and other products depicted 
on the drawing below. 

Ask each child, as a 'homework assignment, to bring to 
class the actual^mileage on the speedometers of their 
family car(s) , Ask, also, that a parent estimate the * 
average miles per gallon for the car(s). (If the 
mileage' can't be estimated readily, use 15 mpg which 
is slightly better th^n the national average.) 



Using the data brought to dass, 
culate the number of gallons df 
been burned in his family car(fe) 
crude oil were,, needed to produce 
line? How many; gallons of gasbl 
have been used in the total, clas 

If every classroom in the school 
s^me rate how much has been used 



have each child ,.cal- 
gasoline that have ^ 
How many barrels of 
that amount of gaso- 
ine and barrels of oil 
s's family cars? H 

used gasoline at the 
by the entire school? 



What, if anything', is being done by some families to b 
curtail gasoline consumption? 

wHEiae: iu*> oil goes jr 




0»STIU-ATC OILS 
UA&OVALOIL* 

prrRousuNf foe. &ertttt\Es 
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TITLE: 



TRUCKING AND 55 MPH 



AREA: 

objective: 
materials: 
activity: 



'Social Studies 

i . - > 
To examine reasons why the .trucking industry is 
opposed to the national 55 mph speed limit. 



Paper 
Pencil 



Review with the class the conditio 

above which indicates that - simple ec 

that the 55 mph speed limit hurts 
trucking industry. 




ined briefly, 
cs suggests 
and the 



Choose three ^nefnbers of the class to i defend the 
truckers 1 position. Challenge the r^st of the. class 
to come up with all agreements they "can to persuade 
the truckers that they should accept (and obey the 
lower nationwide speed limit. 

BACKGROUND: The opposition of interstate truck drivers 'to the 55 
mph speed limit is well known. Equally well Tcnown is 
the fact that on some stretches of interstate highways, 
large tractor-trailers are driven at 'average speeds 
.closer to 65 than to' 55. • j 

Many truckers are paid on the basis op miles driven ip 

rate' in Cj^LumbtfJr, 



a * 10-hour work period. iPhe teamster 
Ohio in the fall of 19f8 was quoted at 23.050 cents 
per mile. Thus, a higher highway speed that enables - 
a v truqker to travel an' additional 100 miles per day m 
results in an additional $23 of wages earned. The 
additional fuel charge for the higher Speed would, * 
according to teamster officials, be less than half of 
the additional income. . ^ 
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TITLE: 



TRANSPORTATION AND ENERGY 



AREA:' 



OBJECTIVE: 



Multidisciplinary 

To' help students develop an understanding of energy 
corfsumption and conservation in the transportation^ 
sector. 



MATERIALS : Provided 



ACTIVITY: It is said that Americans travel farther and faster 
than any other people in the world. Transportation 
(fuel manufacturing and maintenance , highways) accounts 
for about 42 percent of our total energy budget in thdf 
^United States. There is great .potential for saving 
energy in the transportation sector. * 

Have students conduct research and contact organizations 
to learn more about conserving energy through trans- 
portation. As a result of their research, they should 
prepare a plan for themselves and their families. " In 
* t J conducting research, students sh6uld consider the > * 

following points: - - 



1. 

.2. 

3. 
4. 
5. 



7. 



k v 8- 
,•9. 

•io; 
,11/ 



12. 



Methods 'of making vehicles more energy-efficient. 
Methods of saving energy in manufacturing and main- 
taining vehicles.. 

Methods of saving energy in road construction and 4 
maintenance * » 
Driving habits which result in energy conservation^ 
(e**g. , fewer rapid accelerations , less quick braking) 
Kinds of energy conservation^ legislation to mandate - 
or encourage eneirgy conservation through trans- 
portation (e,g., 55 m.p.h. speed lijnit, right-turn- 
on-red-after-stop) . x v 
Requirement of pollution control devices. 
Advantages/disadvantages of radia], tires, ignitibn- 
systems, streamlining designs, increasing passengers 
per vehicle, abandoning automatic transmissions. 
Salvaging metals, etc., from junked vehicles. 
Unnecessary "trips or travel. , 

Ways to conserve energy while on vacation. ~ 
Growth, decline, advantages, and disadvantages of 
travel by walking, bicycle, automobile, bus, rail- ' 
road, water, airplane . 

Alternatives to individual transportation: car- 
ppols, vanpools, mass transit. * • 



CONTACT ORGANIZATIONS: 
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l.« Energy Research and Development Administration, 

- 20 Massachusetts Avenue, NW, Washington, D.C* f 20545, 

.2. Environmental Protection Agency, 401 M Street, SW, 
Washington, D.C. 20460. * ' 
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3. Federal Energy Administration , 12th and Pennsylvania 
' Avenue,. NW, Washington, D.C.* 20461". • 

4. Tennessee Valley Authority, 400 Commerce Avenue, 
Knoxville, Tennessee 3*7902. 

0 * 

5. Department of Transportation, 400 Seventh Street, SW, 
f Washington, D.C. 20590. 

6. American Petroleum Institute, 1801 K Street, tffr, 
' Washington, D.C. 20006.' 

7. General Motors Corporation, General Motors Building > f 
Roonf I-l'Ol, Detroit, Michigan 48^02, * . 



8. Transportation/Itesearch Center, South Stadium, 

The University of Tennessee; Knoxville, Tennessee 
37916. 



s 
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TITLE; 
AREA: 

OBJECTIVE: 

9 

4 

\ 

MATERIALS: 
ACTIVITY : . 



TRANSPORTATION: CARPOOLING AT SCHOOL 
Multidisciplihary - * 

To help students understand the savings which can be 
achieved by carpooling. 

Provided ' * k , 

■< 

Using the following information, have students figure 
the costs of commuting to and from school: 



Car Size . 


Vehicle 

Cost 
Depre- 
ciated 


Maintenance 
Accessories , 
Parts & Tires 


Gas & Oil 
CExcluding, 
Taxes) * 


Insur- 
ance 


State and 
Federal 
Taxes 


Total Cost 
(per mile) 


Standard 
, Intermediate 
-Compact 

Subcorffeact ') 


t 4.5* 

k- 2.-S* 
/ 2.3*" 


3.7* 
■ 3.4* 
' < 2.7* 
4 2.5* 


5.5* 
«5.3* 
4.7* - 
3.8* 


1.7* 

r.6* 

1.5* 
1.5* 


1.6* 
1.5* 
1.2* 
0.9* ' 


= 17* • 
= 16* 
= 13* 
= 11* 



Adapted from U. S\ Department of Transportation-Federal Highway Administration 



Section. 



EXAMPLE: How to figure your present commuting cost "(Standard car-Fcrrd 
LTD) traveling 30 miles rcmnd trip.* ^ 

1. - MULTIPLY (.17) x (30) = $5.10 

• «. (Cost (Miles, 

per " per . s - y * 

mile) ^ day) .» i 



2. ADD * 

Daily parking cost 

3. 'TOTAL DAIL£ COST 

4. MULTIPLY DAILY COST 
By number of 

school days per month 

5. ^ COST PER MONTH TO " 

DRIVE ALONE ' t 

*6. DIVIDE BY NUMBER OF 
(f- PEOPLE IN CARPOOL 



+ o. 

$5.10 

x 21 
=$107.10 



♦IMPORTANT ^ For a successful carpool when the driver^qvmer does 
all the driving, fair share rates should be figured 
.on paying riders only. The driver-owner should ride- 
free. 



7. NEW INDIVIDUAL COST 

BY CARPOOLING =. $' 26t77 

8. MONTHLY CARPOOL 
SAVING ($107.10 

-26.77) ' = $ 80.33 



1. MULTIPLY 



X 



Cost , ^Yliles 
per mile per day 



2 . ADD 

Daily parking cost 

3. TOTAL DAILY COST 

4. MULTIPLY DAILY COST 
By number of school 
days per month 

5. COST PER MONTH TO 
DRIVE ALONE 

6. DIVIDE BY NUMBER OF 

PEOPLE IN CARPOOL 

y 

7. NEW INDIVIDUAL COST ' 
BY CARPOOLING 

8. MONTHLY CARPOOL SAVING 
(#5-#7)- 



X 



CONTACT ORGANIZATIONS; 



2. 



Transportation Research Center, The University of. Tennessee, 
South Stadium Hall, Knoxville, Tennessee 37916. 

Tennessee EnergyvQff ice, Suite 250, .tCauit'ol o Hill Building, 
7th and Union, Nashvi-li-e , Tennessee 37219. * 

U. S» Department of Transportation/ 400 Seventh Street, SW, 
Washington, D.C. 20590. 

Tennessee Department of Transportation, 817 Highway Building, 
Nashville, Tennessee 37219. ^1, 
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TITLE:- 
AREA: 

OBJECTIVE! 

'MATERIALS : 
ACTIVITY: 




I^FESTYLES Vs , ENERGY COST 

V 

Social Studies, Language Arts 

-i 

To examiQ£ the relationships between lifestyles and 
energy^eosts,. 

*> 

e library 

Review with the class i;he fact that gasoline sells 
for $3,00 or more per gallon in many European countries 
such as Switzerland, Holland, Denmark, France, and 
Gre^at Britain. 

Divide the class into groups of three or four students. 
Ask each group to think about and* develop a list of 
way^ in which "lifestyles" in tho/se countries with 
high gasoline costs is likely ta be different from 
the ways people live in the U, S. A. where gasoline is 
cheaper than -in any other highly^ industrialized 
country. Encourage the groups to think broadly beyond 
such obvious things as size of automobiles and number 
of superhighways. Types of family vacations, suburban* 
sprawl, status of railroad passepge^ service, extent 
of air travel, usej of recreational vehicles arid many 
other elements of our lifestyle can be shown to be 
related to energy oosts. 

Ask each group, also, to make value judgments as to . 
whether the lifestyle in high energy cost countries 
is worse or better than* purs. Ask each group to state 
its conclusion on one or two specific ^xamples and' de- 
fend its position before the class. 
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TITLE: <THE STUDENT AND TRANSPORTATION 

AREA: Science, Mathematics 





s 

OBJECTIVES To determine .the energy required to transport students 
' to school. 



MATERIALS : Provided 



ACTIVITY: 



1. Review the students 1 general concepts in'* the 
natural production of fossil fMePte. Direct the 
discussion to petroleum specifically. Have stu- 
dents determine wr^at volume of crude oil is 
necessary for the production of a gallon of gasoline 

2. Discuss -with the students the need for transpor- 
tati6r>. Have students list the various modes of 
transportation. Direct student discussion to 
school bus transportation. 

3. Have a* student call th^e school bus garage to find 
out the number of buses operating at the high 
school." Also find out the miles driven by the 
buses per day and the average number of miles per 
gallon*. Calculate the number of gallons of gas 
cons^umed by the buses per year. H 

4. Have several students count the number of student 
cars in the parking lot. Calculate .the average 
number of miles driven by students to and from 

* school. • * 

a. Calculate th^ gallons -of gas per student 
(annually) if all the students rode buses. 

b. Calculate the gallons of gas per student 
^annually) -ihcluding both gas consumed by 
buse^ and by student drivers. 

5. Students should then break up into small, groups, 
to^determine th£,mo£tt efficient mode of transpor- 
tation. They "should discuss reasons why the most 
efficient methods is 'or is not used.' 

* <• 

If" the most efficient consumption of fuel -is , 
not being used, what impact is this on local 
.socitil standing and on environmental damage? 
What . suggestions do you have for more efficient 
use of this fossil fuel? 

In the event of another fuel shortage, what 
could be done by students to'conserve fuel? 



b, 



c. 
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TITLE: 
AREA: 



ENERGY SAVING VACATION SUGGESTIONS 
Social Studies, Language Arts 
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OBJECTIVE: To investigate energy saving vacation suggestions • 



MATERIALS: * Pencil 

Papery l 

ACTIVITY: Ask studerits ,to write a summary report of their last 
family vacation. Vfhere did 'they go? What* did they 
'see that they remember? What unusual activities were 
available at the vacation site? How many miles did 
they travel? 

When some of these reports are read (possibly orally 
« to. the class) , it will become apparent that some 

families traveled extensively durirtg their two-or 
three-week vacation time* 

Present to the class the 'following trips to save 
energy, while taking vacations from the reference cited 
above, j 

Vacation at home, this year* 

Discover ndarby attractions. ' - 

Choose a hotel or campground cloae to where you 
live. A nearby hotel or campground often -can" 
provide as complete and happy a change from routine 
as one that is hundreds of miles away. 

^ Plan to stay in one place if you vacation away 

front home t . "Hopping around" takes transportation 
energy. 

Take a train or a ^us . instead of the family car. 
Save gasoline^ and relax. 

Rediscovoi^the j^ISj^&ures of walking , hiking , and 
bicycling during., yoilr vacation. They * re the 
most ej^ergy-conservMng means of transportation 
and t^e healthiest for most people. 

fave energy at hom# if you're going away. Remember- 
to turn off lights; lower heating temperatures in 
winter, and turn off afor-conditioning in summer. 

dscuss the suggestions* Would it be possible to 
hcN^ a (JTeat vacation if a family followed one 6r more 
of ?be ideas? Which ones? 

Finally'ask that pupils review the suggestions with 
their parents. Ask each "pupil to report briefly, in 
writing, parental reaction to thfe advice. 
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TITLE: ' # WrfAT DOES IT COST TO GET TO SCHOOL? 
AREA: % Multidisdiplinary 

OBJECTIVE: To examine the cost of bus transportation for students.' 

)• » ' 

MATERIALS i Read "activity section. 

» "i 

* 

ACTIVITY: Students will need 'to obtain certain information about 
their bus route do the activity. The information 
may be obtained by personal observations or by inter- 
views witlv'the bus driver . Students who do not ride < 
a bus may be paired or grouped with students that do 
ride a bus for' performing the calculations in this 
activity. ^ . * 

How much does your daily bus ride cpst?' 

a. What is the distance of your bus route? 

b. At 4 mpg,* how irfuch gasoline is used? 

(# miles t 4 mpg = # ^gallons) . 

P. At $. 95/gallon, "how much does the^trip 

cost? (# gallons x $.95 =" cost) 

d* How many students ride your bus? * 
. \ e. How much does the trip cost per student? > 
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How much time during your daily bus^ ride 
is the bus engine running while the bus 
is not ,movirfg (idlifig)? 

. a. . How many stops are there on your bus 
route? * ' 

b. What is the toifal time that the bus is ' 
stopped during the trip? • * 

c. Vftiat is, the average time per stop? 

d. What is the mpg while the bus is stopped?* 



V 



How much does t pupil transportation for your 
schopl cost? ' 

- /a. fkw many buses bring students to your 
school? < ' * , 

b. If each bus uses as much gasoline*" as 
,! your bus (l.b.), how much gasoline is 

>• used by your school per day? 

c. ^t $,95/gallon, how much does this 
^ - 'gasoline cost the state eac£ day? 

r If gasoline costs $l,19/gallon and the 
state pupil transportation system uses 
101,000 gallons each day: 

a. How much does it cost each, day? 

b. How much does this cost for the school 
T r year of 180 days? 



Ann 



c ( How much more would it cost for the 
school year if gasolipe were $1.50/ , 
gallon? . • 4 ' 

What other things besides idling time 
would increase the amount of gasoline 
used for pupil transportation? , . 

What can you as a student riding the bus 
do to help save gasoline? 

NOTE TO THE TEACHER : 

For iZ^you may want to have the > student in* your 
cla&s who boards a particular bus -first record the 2 
actual time for #ach stop on the route. Compare this 
actual time with the* recommended time for each stop. 

The fall, 1979 issue of The Energy Conserver contained 
'a mini-lesson oh transportation regarding private a cars 
and. carpooling. It also included a chart comparing 
, v %. different modes" of travel which shows that buses are 

the most efficient of those considered. You may want * 
to refer to that mini- lesson in' conjunction with this 
one. * 

> 

/ 

******* ^ 

NATIONAL ENERGY EDUCATION DAY 

President Carter Signed a proclamation designating 1 k 
March 21/ 1980 as National Energy Education Day, It marked the 
beginning of an ongoing one-year program to culminate on National 
Energy Education Day, March 20, 1981. The 96,000 school^ across, 
""the^ nation will be asked to prepare for the 1981 observance by* 
organizing committees in early September to plan for the March event. 
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TITLE : 
AREA: 

OBJECTIVE ; 

i 

MATERIALS ! 
ACTIVITY: 



MARKETING TRIP EVALyATION 
Science, Home Economics 



1, 



To demonstrate. the energy consumed for marketing trips 
and ways energy can be saved* 

Pencil 

The major^ actors involved in energy consumption for 
itfarketing are the number of trips, distance to' the 
market, and mode of transportation . To obtain a 
better perspective of your family's marketing practices/ 
take a survey of the trips your family members make 
to the. market in' a week f recording the distance and 
mode of travel, Use the data form provided below. 
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Date 


Time 


Destination 1 


Mode of Travel 


Distance 






1 
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Distances can be obtained from a city or county map, 
the car\odometer, or by "Wdmatibrf tone city block 
is about^pne-eighth of a mile) . 

1. Using the completed data form, do you see possi- 
bilities for energy savings? 

2. Are there trips by car of less than half a mile 
in distance? 

3. ^ould several trips have been combined into one? 

4. Could shopping be done on the way^Cb or from work 
or school?. 

5. , Could marketing have been done closer to home? 

6. Could carpooling for shopping with neighbors be 
a possibility? 

1\ What recommendations would you make to your family 
* for ways t<5 conserve energy when- marketing? 
\ 

Suggestions ; 

Survey the stu&errts at^arge to determine how they^ 
travel from home*tsp school and back. Discuss findings 
and recommendations xn class. 
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ENERGY, FUTURES 



Solar energy will assist the;, energy pool by 1990, and about, 
10 percent of bur energy needs will be filled by* sol&r energy^ 
ir\ the year 2000* Photovoltaic cells will be, cheap . enough 
to be affordable by the average 'homeowner in .1990 . % .It is 
predicted that solar energy will fi^l 80 percent of our energy 
needs by the year 22Q0. ♦ 1 * 

- " k - >- 

Synthetic fuels will provide little of our energy needs by 
'1990, " ' 



r 



Nuclear power plants will help reduce the" need ^fof foreign 
oil by 1990. v Nucltear power will ;peak by ±he year 2050 and 
solarv'will gradually take over as our major energy source. 
Fusion power could contribute significantly to the generation 
of* electricity^by the year 2030* 

Fast breeder reactors cbuld provide abundant energy for 
centuries. Th£ l^.S.* Government has halte^d the development 
of breeder reafctdrs, pther countries in k the , J world' are de-r 
veloping them /and Selling ; them to countries with few energy 
resources. It remains to be seen what the IUS* Government 
will do in the future. \ \ , 

There are ample supplies of cJb^l-. It "is our most important 
energy source at present. ; Lqncj~range predictions 'indicate 
it will provide about 2 0" percent * of * our t energy needs in'^tfte, 
year. 2200, ^ > " * 



The abqve $re the important technical, variables in the 
enercjy_j>icture for the future. The "Other variables dre 
human centered I The amount of energy c6rtserved by human 
beings is dependent on their 1, energy ethic." Will people 
conserve gas by carpooling? Will the price of gasoline . 
force many people to drive less?.. What will ou^" relations 
withr the 'OPEC countries' be? Hov/ will developing countries 
expand into technologies utilizing more energy? Will 
population growth decrease in the world? These are people 
problems and they all have important imports qn future 
energy" use an^U^f^seirves . • . . 



GLOSSARY 



etlpha particle 



ampere 



atom 



atomic number 



atomic weight 



barrel 



bituminous coal 



-the positively charged nucleus of a helium 
atonw 

-a unit of measure for .electric current, 
the charge" flovj per unit tine. 1 It is 
equivalent to a flow of approximately 

6x10^ electrons per ^second. 

-the.N basic unit of al"l matter. It has a~ 
central core, *with one or more electrically 
charged particles whirliriq around it. * 

-the number of protons in the .nucelus of 
an atom, and also its., positive charqe. 
•Each chemical has its characteristic 
atomic number . 

-the mass of an atoirv^TeLative to other atoms. 
Th£ unit of the scale ic 1/12 the 
/ weig+it of the carbon-12 ' atom , or rouqhly the- 
mass of one jproton or one neutron*. 

-a liquid measure of'oij., usually crud^oil, 
" equal to 42 gallofis or "about 306 pounds.** 

-soft coal; it is high in carbonaceous' 'and 
' volatile matter.' ^ - . 



breeder reactor 



British Thermal 
Unit (BTU) 



Calorie 



carbon dioxide . 

s% ... ; : • 

carbpn m6noxid£* ' 

- # 9 e 



-a nuclear reactor that* produces niore 
•fissionable fuel than it consumes.- m % 

-a unit of heat energy equal oto the^ quantity- 
of heat " 0 necessar^y to 'raise' the temperature / 
of one pouiVd of Wcfter -one 'deqree Fahrehheit. 
It \g' equal ^ to* 3 /4 of a Calorie. ■ 

-a unit' of heat ^energy eqii&l* to the amount -of 
./heat' that will 'raiae the. temperature of one . 
kilogr&m^of water 1° Centigrade. • . 0 

' !* ,; • / ' . " *' * 

-a compound, of carbon ^pd, oxygen formed • 

\whenever v fcarbon is burned. 

• v * • * 

-af compound of carbon .and oxygen produced by 
« -the 'incomplete comjDustiort of ^carbon. It is 
dttefl by % aut$rinobides and is* the major air 
pof-lutant gn/^fie basis' of weight.- 



Celsius" 



*i*th$ Centigrade, temperature scale is sometimes 
• known as the Celsius scale. 
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Centigrade 



chemical energy 



cleaS fu^l 
eoal * 

coal agas \ 

* ♦ c 

coal gasification 



-a temperature scale in which the temperature 
of melting ice is set at 0°, the temperature 
of boiling water at 100°. 

-Energy stored in molecules, as in fossil 
fuels. 

-usually means fuel in wtjich there is very / 
little sulfur, 

-a solid fuel, mostly carbon, formed .from 
the fossils of plants living hundreds of 
millions of years ago. . * 

--the' volatile , combustible gas driven from 
cc^al in coke-making. 

-the conversion of coal to a gas suitable 
for use as a fuel . 



v 



'co'al . liquif ication -the conversion of eoal into liquid hydro- 
carbons 

XKbaL tar 



cqfobustibn y % s 
conservation 
conservation 
coolant 



cracking 



-a gummy, black substance produced as a by- 
product when cojc'e is produced. 

e I 

-degassed coal, a porous, solid residue ^ 
resulting from the incomplete combustion of \ 
*cdal \ 

-burning. Any very rapid chemical reaction-* 
in Which heat and light are produced. Most ° 
l jCamiliay combustions are unions' with oxygen. , 

-preservation from, loss or waste. Finding the 
- wisest possible use of nonrenewable, ex- 
haustible energy sources,. ^ 

-a process by which » energy -is converted * from ; 
'one form to another, sufcH as 'radiant energy 
to heat or electric energy.. 



-anything pumped through a v nucleaj^ rector' to 
cool it or absorb'the heat| it produces. y* 
Common* coolants are water,' air, h'elium, and 
liquid sodium' nietal. 

-processing that breaks down and rearranges 
the molecular . structure 'of l9ng hydrocarbon 
chains. It is *used in the production of 
fuels such as gasoline from crude oil. 



critical mass 

crude oil 
demand 



depletion 
allowance 



deuterium 



distillate oils 



-the smallest "amount of nuclear fuel, like 
uranium, that wij.1 sustain a nuclear chain 
reaction of splitting atoms, 

-petroleum as it comes from the ground, 

-the rate at which electric energy is delivered 
to -or by a system at a given_iri5.feant.4jr 
averaged over a period of/fcime, exparessec^ in 
kilowatts or other units, * ' f >^ 

-a federal tax exemption for a portion of the 
net income received from producing* a natural 
resource. The amount of the exemption is 

"based on the perceived importance pf the 
energy resource, 

-a v hydrogen isotope , the nucleus of which 
contains orie proton and oij.e neutron. 

-any fuel oil, gas oil', topped crude oil or 
other petroleum oil derived by refining or 
processing crude oil, which has a boiling 
range fro% 500°F to 1200°F'. 



ecology 
efficiency 

/ 

electric current 
electricity 
elactrical energy 

electron 
energy 

environmental cost 



-the science dealing with the relationship 

of all living things with each other and 

^with their environment.- , 
« 

-measure^ the amount of useful energy we get 
out, divided by the amount of energy we • 
put into a machine;, usually "expressed as a 
percentage . 

-a flow of charged particles , usually electrons 

-enfergy derived from electrons in motion, 

-the energy associated with electric charqes 
and their movements, and measured in watt hour 
or kilowatt hours, 

s 

-an elementary ■ particle with negative charge 
which circles "the nucleus of an atom. 

-the ability .to do work. 

-all forifis of energy extraction., conversion, 
and use exact a toll on our environment. 
The advantages of a particular energy use 
must be weighed against its effects on the 
environment*.^ 



environmental 
impact statement 



engine 

extraction 
fermentation 



4 * First Law of 
✓ Thermodynami cs 

i 

fission 



-analytical statements' that attempt to balance^ 
costs and benefits of projects from an environ- 
mental as well as economic point of view, 

-machine that converts fuel, into energy and 
» energy into power, 

-retrieval of fossil fuels from the earth, 

-a process in which carbohydrates are changed 
'to hydrocarbons by the action of micro- 
organisms • 

• # 

-states that energy can neither be created 
nor'' destroyed, . 

-the splitting of a nucleus of one atom into 
two or more smaller atoms? fission often 
releases large quantities of energy. 



fission producbSL -the smaller atoms formed when atoms fission 

.or split. 



force 

fossil fuels 
friction 



, fuel 



fuel cell 



fusion 



gasoline 

v 

generator 
geO/thermal energy 



-a push or a pull. 

4 

-fuels derived from the fossil remains of 
organic materials; includes petroleum, 
naftural gas, coal, oil shale and tar sands ♦ * 

-^resistance to motion of two adjacent 'sur- 
faces. 

• * 

-anything converted from one form to another 
with release of energy to perform useful 
work. 

-battery-like, portable electric generators 
producing current -from the reaction of hydro- 
gen and oxygen. 

' 

-the process 'of combining the nuclei of- two 
light atoms to form a heavier atom; fusion 
can release -'great quantities of energy. 
The sun produces its energy by fusion. 

-a. refined petroleum distillate composed 
primarily of light hydrocarbons. Most 
gas % oline is produced by refining crude oil. 

-a device which produces electric energy 
from mechanical energy. 

-the heat energy in the earth's crust whose 
source is the earth's molten interior. 
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geothermal steam 



greenhouse effect 



Gross National 
Product (GNP) 



half-life, 
heat 

heavy water 

horsepower 
hy drocarbor 

hydroe/ectr i-c 




Ionization 



isotope 



joule 

kerosene 
kilowatt 



-steam formed by underground water seeping 
through hot rocks deep beneath the earth'-s 
surface. r 

-the warming effect of carbon dioxide in the 1 
.atmosphere • 

,-a measure of economic activity; the total 
market value o-f all goods and services 
produced in a country. 

\ ' \ 1/ 

-the time' in which half the atoms of a par- 
ticular radioactive substance disintegrate 
to another nuclear form. , * 

-a form of kinetic energy that flows from one 
( body to another because* of the temperature 
difference between them. 

-water in which all hydrogen atoms have been 
replaced" by deuterium. - 

-a standard unit of power equal to 746 watts. 

-an organic material found in nature that 
. contains'- two elements, hydrogen and carbon. 

-using the force of fallinq water to turn the 
wheel of a turbine-generator to make electricity. 

-power produced 'by falling water. 

-the resistance of an -object to a change of. 
state regarding -its motion. 

-removal of some or all electrons from an 
atom, leaving the atom with a positive -charge, 

'or the addition of one or more electrons, 
resulting in a negative charge.* 

"-any or two or more species of atoms having, 
the same number of protons in the nucl'eus 
but with, differing numbers of neutrons* 

-a metric uni^t of work or energy; the energy 
produced by a force of one newton -operating 
through a distanpe of one meter. 

-a mixture of hydrocarbons used as a fuel t • 
for jet engines and gas turbines . 

#*• 

-a unit that measures the rate at which enerqy 
is produced or used. One kilowatt equals 
1000 watts. 



ERLC 



416 



7 



kilowatt-hour 



kinetic energy 



-the basic unit of electrical energy. It 
equals one kilowatt of power applied for 
one hour. 

-energy possessed by objects in motion- 



Laws of Conservation 
of Energy 

lrght 



liquefied natural 
qas 



machine 



magma 
matter 

mechanical energy 

megawatt 

moderator 

molecule 
natural gas 

natural uranium 



-energy is neither created nor destroyed . 

-electromagnetic radiation that can affect 
the eye . , ' 



-natural qas that has been cooled to approxi- 
mately -160 C, a temperature at which it is 
a liquid. The costs Qf storage and shipment 
are thus reduced. % * 

-any system or object which, through any of 
a, number of processes (bur'ning, chemical 
reaction, atomic reactions^, converts enerqy 

• in one form, (the fuel), into energy in 
another more used "form (the* product or output) 
plus some enerqy converted to a waste form. 

-molten rock within the earth's interior. 

-.the -substance of which a physical object is 
composed. a , 

-one form of energy. It 'is observable as the 
motion of an object. 

-a unit of power equal to 1000 kilowatts or 1 
million watts • , 

-material, such as water and graphite, used 
in a nuclear reactor to slow the speed of • 
neutrons produced when atoms split. 

-atoms combined to form the smallest recog-* 
nizable unit of a substance. 

-gaseous fuel formed from the fossils o'f , 

ancient plants and animals; often found with 

crude oil. ¥ 

/ * 

-uranium as it is found in the q round ; a 
mixture of two types of uranium atoms. Less 
than 1 percent of the atoms in natural 
uranium are the kind that will produce enerqy 
in a nuclear reactor . 
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neutron 



nuclear energy 
nuclear power 
nucleus 
o oil shale^ 

organic 
OPEC 

open-pit mining 
particulates 

petrochemicals 

petroleum 

photosynthesis 
plutonium 



-3 particle present in all atomic nuclei. 
Its mass is approximately that of a proton, v 
but it has no electric charge. Neutrons 
are released in fission- and fusion reactions. 

-energy within the nucleus of the atom. It 
can be released by nuclear fission or fusion. 

-the energy' produced by splitting atoms in 
a nuclear reactor . 

-the extremely dense, positively charged 
core of an atom. 

-rock formed by silt and mud settlina to the 
bottom of ancient seas that contains a sub- 
stance similar to crude oil. 

-materials that once were living or are 
presently living . 

-The Organization of Petroleum Exporting 
Countries. - An organization of countries 
in the Middle East, North Africa and South 
America which aims at developing common 
oi 1 -marketing policies .' 

-strip mining for coal. 

-the small soot and ash particles produced 
by burning. 

-chemicals removed from crude oil at the 
refinery and* used to make a wide range of 
products such as plastics, synthetic fibers, 
detergents', and drugs. 

ran oily flammable liquid that occurs in \ 
many places in the upper strata of the earth; 
fractional distillation yields gasoline, 
diesel, lubricating oil and other products. 

f 

-the process by which green plants convert 
sunshine into chemicals . 

-a heavy , man-made radioactive metal that can 
be used for fuel in, a nuclear reactor. 



potential energy -stored energy due to position or condition 



power 



-the rate at which work is performed or energy 
is expanded, measured irt watts or horsepower . 
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propane 
proton 

radio'activi ty 
radon 



recoverable 
resource 



reserve 



resource 



Second Law of 
Thermodynamics 



solar cell 



solar collector 



solar energy 1 
s£rip mining 

temperature' 



-inflammable gas obtained from petroleum. 

-as elementary particle present in all atomic 
nuclei; it has a positive electric charge, 

-the spontaneous decay or disintegration of 
an unstable atomic nucleus , usually accompanied 
by the emission of ionizing radiation, 

-a radioactive gas which is ffcrmed by the 
decay of uranium and other radioactive material 



-that portion of a resource expected to be* 
recovered b^ present-day techniques and under 
present economic conditions. Includes 
geologically expected' but unconfirmed re- 
sources as wel 1 as identi f ied reserves', 

-that , portion of a resource that has been 
actually discovered and that is presently 
.technically and Economically extr actable . 

-the total estimated amount of a mineral, 
fuel, or energy source, whether or not dis- 
covered or currently technologically or 
economically extr act able . Lj 



-the inevitable passage of some energy from 
a useful, to -a less useful form in any energy 
conversion. 1 

-a device which converts radiant energy 
directly into electric energy by the photo- 
voltaic process, 

>t > 

-a 'device for collecting solar enerqy and 
converting it into heat. 

-energy radiated directly from the sun 



sun . 

its oi 



-a mining technique used when deposits of coal 
lie relative > near the surface (less than 
IOjO feet) . 

-the hotness or coldness of a substance; 
the temperature is proportional to the average 
kinetic energy of the atoms or molecules of 
a substance'. 
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thermal energy 
thermal pollution 



-hea-t energy 

-an increase in water or air temperature which 
disturbs the ecology of the area. 
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thermodynamics 



thermonuclear 
reaction * 



tidal enerqy 



t r an s formation of 
energy 



t ransmission 



turbine 



waste 



/•watt 



work 



-the science and study. of the relationship 
between heat and mechanical work. 



•a fusion reaction which is initiated by. 
intense heating. - 

-energy derived from the rising and falling 
of ocean tides . 



-changes in energy state from potential to 
kinetict qr kinetic to potential. Energy 
transformations are brought about by three 
types of processes: mechanical (physical), 
chemical*, or nuclear. , 

-transportation of electrical energy from 
the. point of generation* to the point of use. 
Some energy loss is inevitable in transmission 

-a % bladed , wheel-like device which converts 
the kinetic energy of $ gas or liquid into 
the mechanical energy of .a rq£citing- shaft. 



x-ray 



-that which is n'ot useful to (one's purposes. 
Radioactive, wastes produced \n a nuclear 
power pLazxt-may stay radioactive for a long — 
period of time., 

-the amount of power available from an electric 
current of 1 ampere at a potential of 1 volt. 

-the conversion of energy which results in 
the movement of an object from one place to 
another in response to forces (mechanical, 
chemical, nuclear). 

-electromagnetic radiation with a very short 
wave length (about the diameter of an atom) . 
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Department of Energy, Technical Information Center, Box -62, Oak 
Ridge, Tennessee 37830, 

A. Curriculum Materials - free in sinqle^ copies 

1 • interdisciplinary Student/Teacher Materials in 
Energy , the Environment , and the Economy - a 
set of instructional units prepared by NSTA. 

They include: 

• - * 

The Energy We Use Grade 1 

Community^ Workers and 

the Energy They Use - * Grade 2 * 

People, Places and Trans- 
portation Grade 3 
Energy Networks Grade 4 
i ' - The ^fcidy* of Two Gulfs Grade 6 
* "Bringing Eaergy to the " 

People: Ghana and the U.S. Grades 6-7 
The Mathematics of Energy ■ Graces 7-9 
An Energy History of the 
/ . * United States Grade 8 v 

• .* * Energy, Engines and the 

^ Industrial Revolution Grades 8-9 

. f l Agriculture, Energy, and 

Society m Grades 10-12 

How 'a Bill- Becomes a Law 

to Conserve Energy . Grades 9-11-12 

Energy in the Global 
i Marketplace ' Grade 10 

The New Westward Movement Grade 1L 

The U.S. Energy Policy - 

Which Direction? Grade 12 

Energy for the Future Gr^de 12 

. » * 2 . Energy, Conservation in the Home : An En ergy 

Education Conservation Curriculum Guide f or • 
, Home Economics Teachers. * 

, 3. * Aw#rd Winning Energy \ Education Activ ities for 

Elementary and 'Secondary Teacher s. 

4. Science Activiti.es in Ener gy - a series of 
simple , concrete , revealirig~~experiments for 
4th, 5th, 6th grades. * 

Chemical* Energ y 
Conserv ation 
E lectri ca~Enerq y 

Sola r Energy 1 



5. Your Energy World - a program of spirit masters 
« for intermediate grades; * It consists of four 

units that take 3~5 periods each. A colorful 

two-sided wall poster is. included. 

* # *■ • 

Energy Overview # 

Transportation: ' The Energy Eater 

Schools Can Conserve, Too 

* : 1 

^ Energy Use in Homes and Stores 

6. Energy History of the United States 1776-1976 . 
A 3x4-foot color chart and user's manual. 

Information Brochures - free in single copies » • 

ftoal in Our .Energy Fqture Nuclear Power Plant 

•tfCre^ting Energy Choices for Safety 

the Future 
Energy From the Winds 
^Energy Storage 
Energy Technology 
Environment , Health and 

Safety 

Fuel Cells: A New Kind - 

of Power Plant 
Fusion 

t Geo thermal .Energy 
Heated Water From Power 
Plants 

How Probable is 3 Nuclear 
Plant Accident? 

Intjproving Advanced Under- 
ground Transmission of * 
Electric Power* 

I've Got a Question About 
Using Solar Energy » 

National Security « 

New Energy-Saving Light 
Bulb 

Nuclear Energy 

*Fact Sheets - free in single copies 



1. Fuels From Plants - 


7. 


Solar Heating & Cooli 


Biocon vers ion 


8. 


Geothermal Energy 


2. Fuels From Wastes - 


9. 


Energy .Conservation - 


Bioconvers ion 




Homes 


3. .Wind Power 


10. 


Energy Conservation - 


4. Energy From the Sun - 




Industry 


Photovoltaic w 


11. 


Energy' Conservation - 


5. Energy From the Sun - 




Transportation' 


Thermal 


12. 


Conventional Reactors 


6. Solar Sea Power 


13. 


Breeder Reactors 




Plutonium in the 

Environment 
Safeguarding of Nuclear 

Materials 
Solar Energy 
Solar Energy for Heat- 
ing and* Cooling 
' Superconducting Trans- 
mission of Electric 
Power 
Tomorrow's Cars 
.Waste Heat Recovery: 

More Power from Fuels 
Careers in Energy In- 
. dustries 

ilergy in Focus: Basic 
Data (1977) 
Enhanced Recovery of .Oil 

and Gas 
Nuclear Power in Space 
Ocean Thermal Energy 
Conversion 
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14, 'Nuclear Fusion 

15^. > New Fuels, From Cba-1 — 

16. Energy Storage Technology^ 

17. Alternative Energy 'Sources - 

Environment- 
- 18. Alternative Energy -Glossary 
19*. Alternative En.ergy Sources - 

Bibliography < ♦ 

D. Atomic .Energy Booklets' - free in single copies 

Atomic Power Safety 
Atoms in Agriculture 
Fallout From .Nuclear' Tests . *» 

Genetic Effects 'of Radiation 
Nondistructiye Testing 
Radioisotopes and Iiife Processes 
Your Body and Radiation 
The Atom and the Ocean 



Delaware Energy Office, P. 0.. Box 1404 , Dover, Delaware 

(1-800-282-8616) distribute copies of several publications 
including: 

Annotated Bibliography of Energy Articles 
Tips for Energy Savers (DOE ) * 
Mickey .Mouse and Goofy Explore Energy (Walt Disney ) 
+ How to Save Money by Insulating, Your Home - ' . - , 

Mickey Mouse and Goofy Explore Energy Conservation 
Walt Disney 

> 4 * 

Exxon U.S.A. , Public Affairs Department, P. 0. Box 2780, Houston," 
Texas 77001. * Energy Outlook 1977-1990 . ; m 



Shell Answer Books, P. 0. Box £1609, Houston, Texas 77208. 
— — — • f t <* *- 

Gasoline Mileage Book * " 

- Rush Hour Book < > ' ^ . 

League of Women Voters , 1730 M Street, -Washington , - D . (T£ 200 36/.. 

Fifteen. fact sheets on various energy f orms available 
at a cost of $l/set. > * * ^/T 

' — .% . •* 

Ambiente Environmental Concerns , P.- 0. Box 13622 ,;^an..Antonib , 

Texas 78213. Slash Your Bnergy Bills ;-'' an energy guid£ 
prepared especially for schools., filled with usable 
energy conservation methqds. Cost "$1.»35 each. ' 
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WorldWatch Institute , 1778 .Mass. Ave. , Washington, D.C. 20036 
~ ~ Publishes. several papers (booklets) *of a factual . nature 
- • <* -related to energy problems .and trends. Cost is $2 each. 

The Other Energy Crisis: Firewood , ,197.5 " * 

Energy; The cas„e for Conservation, 1*)76 . 
Nuclear Power; The Fifth Horseman, 1976 ' - ^ V 
/ Energy;, The Solar Prospect-, '1977 

. Energy Development; ' Third World Options, 1977 - 1 
The Solar Energy Timetable, 19,79 - ■ * 

Respurce and Referral Service , the. Center for Vocational Education, 
Ohio State University, 1960 Kenny Rd w Coiujnbus, X)hio 43210 • 1 . * 

\ a ^ ' ' * 

; - Resources for School' , Energy Needs is a mini-list of 

organizations able to provide 'assistance tb educators 
' 1 in products and services to deduce school energy % cbn- 
, sumption . c 1 % ' 

Teaching Aids ,. Mail Code 3*7 Cf5, Standard Oil Co., P. 0. B6x 5910-A, 

c Chicago, Illinois 60680. v * ■ 

% * ' * c 

y 1 • V 

t • ♦ 

The Energy Crisis; What Ybu Cah Do^About rt and - Living - 
With Ener gy are two sets bf spirit masters and teaching 
* * guides for the middle ^school grades*. " ' « 

/ * * " 

Dow chemical Company , Audio-Visjual Dept., 2030 , Dow Center, Midland, 

* , ^Michigan 48640. , • \ " , ' 

Energy Crisis 11^ as a set of slides that gives some * 
explanations of the, shortages of gas, oil and coal 
, ■* And^ the. .impact upon energy cbsts*. Free "loan. • # 

American Gas Association;, Film Service Library, 1515 Wilson Blvd., 
7\ = Arlington,, VA~2 2209. - 

' -Fuel, Cells .is a filmstrip available free for permanent " - ' 

* retention. ' ' * 

The ^National Coal Association / c/o Modern Talking PictCtre Service, 
' " . 2323 New Hyde Park Rd. , 'New Hyde Park, .N.¥„ 1104Q •' 

' • Coal: i An ..American Asset is a filmstrip available free 

.for permanent? Retention. / . • . .. 

UnionxCa-rbide Corporation > Corporate Communication Dept:, 4th floor, 
_ 270 Pairk Ave..,' N.'Y., N.Y.. 10017- • . - • * { 



Petrified River - The Story of Uraniuifl »is a 2 5" page 
booklet; suitable f or *the secondary schools, telling 
' how uraniumf was depo'sitebd. Tree up to 25 copies. " * 

Industrial -Forum , Publi'C&tipfis Office, 1*701 Wisconsin Ave . , 
Washington, D.C. .20014.: informational p?amphlet§, include : 



' ' 1 « How Nuclear Plants Work ' - 

* Insuring* Nuclear Risks 
- b . c Savings With Nuclear Enei^ y, 

Charles /Edison Fund , 101 South Harrison St., East Orange, N.Y, 
• ~ % 07018, A collection of booklets giving experiments 

.^in energy. 6 a * • ' * * 

Ecjison E xperiments - 1 ^ 
E dison Inventions and Rel a ted Projects 
, . - Electrical and Chemical' Experiments Fr om Edison v 

* •> BjLectrical Experiments ,'You Can D o " i \j 

Nuclea r Exper i ments You Can D o , ■ , 

Selecte d Experiments and Proje c ts From Edison 
Thomas 'Alva Edison - His Fe rt ile Mi nd Forged 
» Muc h of Our Country's Growt h ° f *" * 
^ Energy Conservat i on Experim ents You Can Do 
How To Build Five Useful Ele c tric al Decree s 

Energy Challenge , Box 14306*, Dayton, Ohio 45 r 414. 

The Energy Cha llenge ds an activity proqram aboat ' . 
energy past, presen t*, and future 'for secondary < 4 

schools. It contains 25 spirit masters.^ * * • . 

^ t. Free Newsletters * . ,m l / ' \ 

Energy Education , published bimonthly by the National Science 0 • 
Teachers Association, contains many <timely items of 
. interest to persons concerried with energy ^education. 
Write to NSTA, 1742 Connecticut Ave. * Washington, 
D.C. 20009. ' 

American ^Gas Association Newsletter' ; published "as a series of * 
Newsletters dealing with different issues in gas 

production. Write to AGA, 1515, Wilson Blvd., Arlington, 

VA 22209. , . - 1 % «r 

Energy— Insider , published biweekly by the Department of Energy • 

• h&s up-to~da±e information on energy technology* ' 

- Write Eriergy Insider, Department of Energy, Room'7203, 
, m ^Washington, D.C. 20545.; * *' • < 

Weekly Announcement s, a compilation of news releases published 
~~~ weekly by' the Department of 'Energy. * ~, * 

Delaware Energy News, pub'lfshed monthly by. the Delaware Energy ' ; 
DTJTceTT — Call 1-800-282-8^16% ' , • • \' 
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Publications .Available at the Techni calkin format ion Center 
P.0-. Box 62, Oak Ridge, Tennessee 37830 
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He Will Thank You For Conserving Energy, Poster * 
Heat Pumps ' * 
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